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ABSTRACTS OF CURRENT PUBLISHED INFORMATION 


ON NICKEL AND ITS ALLOYS 


NICKEL 


Recrystallisation of Nickel 


W. BOLLMAN: ‘Electron-Microscopic Observations 
on the Recrystallisation of Nickel.’ 


Jnl. Inst. Metals, 1959, vol. 87, Aug., pp. 439-43. 


The various stages in the recrystallisation of nickel 
were studied, by transmission electron microscopy, 
on rolled 0: 1-mm.-thick sheet treated for 30 minutes 
in air at temperatures up to 400°C., and then in pure 
hydrogen at higher temperatures. Some treatments 
were repeated in vacuo. 

The hardness/annealing-temperature curve obtained 
could be divided into three distinct sections (room 
temperature to 250°C., 250° to 400°C., and tempera- 
tures higher than 400 C.), associated, respectively, with 
recovery, primary recrystallisation and secondary 
recrystallisation. The initial part of the recovery 
curve could be correlated with the process of polygon- 
isation initiating in a cloudy distribution of dis- 
locations. Observations on the nucleation of crystal 
grains were explicable essentially on the basis of 
the theories of Cahn and Cottrell, but, contrary to 
Cahn’s assumption, polygonisation did not constitute 
a preliminary stage of recrystallisation, since, from 
a given moment, polygonisation and recrystallisation 
developed simultaneously until the whole volume 
was consumed by the crystal grains. 

Inside the crystal grains certain phenomena (termed 
‘growth zones’ and probably originating from segreg- 
ated impurities and/or local disorder, i.e., a higher 
concentration of point defects) became visible and 
furnished indications of the history of the grains. 
Stages in grain-growth during primary recrystallis- 
ation, and displacement of grain boundaries during 
secondary recrystallisation, could thus be observed. 


Creep Behaviour of Nickel and Nickel-Cobalt 
Single Crystals 


M. MICHELITSCH: “The Creep Behaviour of Single 
Crystals of Face-Centred-Cubic Metals.’ 


Zeitsch. f. Metallkunde, 1959, vol. 50, Sept., pp. 548-60. 


The paper presents the results of creep tests carried 
out to determine, on a quantitative basis, the 
relationship between creep behaviour and the temp- 
erature and degree of deformation. The tests were 
carried out, at room- and high temperature, on 
single crystals of nickel, aluminium, copper, and 
a nickel-cobalt alloy containing 20 at. per cent. of 
cobalt. 

The curves obtained show the first stage of creep 
to be logarithmic, the second hyperbolic (mz 1-1). 


and the third parabolic (m< 1). The work-hardening 
coefficient # is at a maximum in the I-II transition 
stage, and then falls, by about 25 per cent., to a 
constant value in stage II. 

The activation volume determined from logarithmic 
creep-rate/time curves for the first stage of creep 
differed from that established by experiments in 
which the temperature was varied during testing. 
This discrepancy is resolved on the basis that the 
creep rate is determined by a specirum of activation 
volumes or energies. 


Creep-Rupture Properties of Nickel in Air 
and in Vacuo 


See abstract on p. 368. 


Influence of Environment on the Creep Properties 
of Nickel 


See abstract on p. 368. 


Influence of Sodium Hydroxide, Air and Argon on 
the Stress-Rupture Properties of Nicke! 


See abstract on p. 368. 


Investigation of the Nickel-Cadmium Cell 


A. J. SALKIND: “Investigation of the Nickel-Cadmium 
Cell.’ 
Polytechnic Inst. of Brooklyn, Thesis, June 1958; 

157 pp. 

Obtainable from University Microfilms, Inc., Ann 
Arbor, Michigan. 

The aim of the investigation was two-fold: (1) to 
determine the reactions and kinetics of the nickel- 
cadmium cell, and (2) to develop a separator which 
would be unaffected by the presence of copper 
impurities in the cell electrodes. 

The solid reaction products of the nickel-cadmium 
electrodes were studied by X-ray techniques, using 
special equipment and methods which permitted 
X-ray films and diffractometer patterns to be obtained 
from electrodes while in service and in any state of 
charge or discharge. Open-circuit voltage decay 
measurements for the individual half-cells were 
made at temperatures in the range 0°-125°F. (— 18° to 
50°C.) by means of specially constructed mercury/ 
mercuric-oxide control electrodes. The effects, on 
cell performance and charge reduction, of plate 
spacing, electrolyte concentration, and _ separator 
material were determined using cells of ‘Sandia’ 
type having a nominal capacity of 5 ampere-hours. 
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Test procedures are described, and full details are 
given of the extensive data obtained from the experi- 
ments. The author’s findings are summarised as 
follows: 


‘1. The reaction in the nickel-cadmium cell is: 
charge 
2 Ni (OH). +Cd (OH). - * 23NiOOH + Cd +2H,0 
discharge 
‘2. The active nickel hydroxides of the nickel 
electrode are in solid-state solution, and the potential 
of the nickel electrode depends on the relative 
amounts of each of the hydroxides. 


‘3. Ni(OH), becomes less crystalline on charging. 
The charge process involves the loss ofa proton, which, 
permitting the layers of nickel atoms to separate, 
causes an increase in the ‘C’ dimension of the crystal 
and leads to disorientations. 


‘4. The nickel electrode has a negative coefficient 

of change of voltage with temperature. The mag- 
nitude of this change is much larger than that of the 
negative electrode and controls the overall cell 
potential. 


‘5. The overall cell voltage was increased when 
20 per cent. KOH electrolyte was substituted for 
the standard 31 per cent. KOH electrolyte, but the 
charge-retention characteristics of the cells were 
adversely affected. 


‘6. The heat of reaction of the nickel-cadmium 
cell is —62 KCal./gm. mole. 


‘7. The heat of formation of NiOOH, determined 
from a plot of E/T vs. the logarithm of the vapour 
pressure of water, is — 158 KCal./gm. mole. 


‘8. The high rate discharge capacity and the avail- 
able surface area on the electrodes are affected 
by the charge rate. Five-ampere-hour _ nickel- 
cadmium cells delivered below-normal capacities 
at the 28-ampere discharge rate to the 1-0 volt cut 
off when charged at a current rate less than 1-0 
ampere. 


‘9. Cells assembled with ‘Polypor’* separator 
delivered better all around performances than cells 
assembled with any other type of separator, experi- 
mental or standard. 


‘10. ‘Polypor WA’, ‘Polpypor WB’ and ‘Polypor 
MPD’ are suitable separator materials for preventing 
the formation of shorts in cells, when the shorts 
are caused by copper contamination in the cell 
electrodes. 


‘11. The constant 5 in the Tafel equation is temp- 
erature dependent. A curve has teen determined 
which can be used to evaluate this constant between 
the limits of O°F. and 125°F. (—18° and 50°C.).’ 


Polishing and Buffing of Nickel 
See abstract on p. 376. 





* Micrcporous material made from polyvinyl alcohol and dynel 
resin. 
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ELECTRODEPOSITION AND 
OTHER COATING METHODS 


Electrodeposited Nickel Coatings: 
Revised British Standard 


BRIT. STANDARDS INSTN.: ‘Electroplated Coatings of 
Nickel and Chromium.’ 


B.S. 1224: 1959; 19 pp. Price S/-. 


This British Standard lays down requirements 
(with respect to appearance, thickness, adhesion, 
corrosion-resistance and ductility) for nickel coatings 
electrodeposited on steel, copper, brass or zinc alloy. 
With the exception of those fabricated from stainless 
steel, articles which are to be chromium plated must 
first receive a standard coating of nickel. The 
following coatings are excluded from the scope of 
the Standard: those applied to components having 
threads of basic major diameter in the range 0-05- 
0-5 in. (1-25 mm.-1-25 cm.), those applied to sheet, 
strip, wire in unfabricated form, or coil springs, and 
those for engineering purposes (e.g., ‘hard chromium’). 

The Standard was first published in 1945. It was 
revised in 1953 (partly because the original Standard 
had not fully met the requirements of the automobile 
industry), and, as a result of the demand for thicker 
coatings of nickel and the availability of new methods 
for testing the coatings, a further revision has now 
become necessary. An essential difference between 
this revision and the previous standard is that the 
salt-spray test is now supplemented by the acetic- 
acid/salt-spray and the sulphur-dioxide corrosion 
tests. 

An important feature of the Standard is the minimum 
thickness specified for the nickel deposit. Particular 
attention is drawn to the effect of contour, and, in 
general, the requirements for minimum thickness 
apply only to those portions of the significant surface 
which can be touched by a ball of 1I-in. (2-5-cm.) 
diameter. If the design of the article is such that 
this 1-in.-ball criterion cannot be satisfied, the 
minimum thickness permitted on specified areas 
should be arranged between manufacturer and 
purchaser. 

It has not been found possible to specify average 
thicknesses, since these vary with the size and shape 
of the article and the method o! plating. Due to 
variations in requirements, it was also deemed im- 
practicable to give definite information on the classi- 
fications which should be chosen for particular 
applications, but broad guidance on the kind of 
service conditions for which each coating is suitable 
is given in a table, reproduced on p. 351, which 
contains details of minimum _ nickel thicknesses. 
Classification of the coatings is in all cases based on 
nickel thickness, and it is essential that the purchaser 
should state the appropriate classification number. 

Details are given in the Standard of eight test pro- 
cedures stipulated for evaluating the thickness and 
properties of the deposit: (A) a local thickness test 
(which permits accurate measurement of the thickness 
of the deposit by metallographic examination of a 











B.S. 1224: 1959: Minimum Local Thickness of Nickel Coatings 
(See abstract on p. 350) 





























Minimum Local Thickness Minimum Local Thickness 
Millimetres 
Basis Classification Appropriate 
Metal of Coating Service 
Without With With 
Undercoat 0-0003-in. Without 0-0075-mm. 
Copper Undercoat Copper 
Undercoat Undercoat 
+12 
Steel Se 0-0012 0-0010 Severe 0-030 0-025 
Ni 8S 0-0008 0-0006 Moderate 0-020 0-015 
Ni 4S 0-0004 + Mild 0-010 + 
Copper or Ni 6C 0-0006 + Severe 0-015 + 
Brass 
Ni 3C 0-0003 a i Moderate 0-008 + 
Zinc Alloy Ni 10Z { 0-0010 Severe ‘ 0-025 
Ni 6Z t 0-0006 Moderate - 0-015 
Ni 3Z > 0-0003 Mild bs 0-0075 














* 


either copper or nickel having been buffed. 


—- 


thickness of nickel must be maintained. 


++ 


Ni 12SB signifies buffed ductile semi-bright nickel, or alternatively, a copper undercoat followed by ductile nickel, 
A copper undercoat is not precluded from classifications Ni 4S, 6C and 3C, but the specified minimum local 


By agreement, the copper undercoat may be omitted from Ni 10Z, Ni 6Z and Ni 3Z. provided that the rest of 


the specification is met. 


sectioned sample); (B) a burnishing test for adhesion; 
(C) a file test for adhesion; (D) a quenching test for 
adhesion; (E) a_ sulphur-dioxide corrosion test; 
(F) an acetic-acid/salt-spray corrosion test; (G) a 
salt-spray test; (H) a ductility test. 

Local thickness of the nickel deposit is measured 
by method A, and adhesion by any of methods B, 
C and D. The corrosion-resistance of coatings 
to classifications Ni 12S, Ni 8S and Ni 10Z is evalu- 
ated by any one of methods E, F and G, but that of 
classification Ni 6C only by method E. The letter 
‘D’ can be added to any classification to specify 
a ductile coating of nickel, which is then liable to 
test by method H. 

Chromium coatings on nickel-plated or stainless- 
steel articles shall be not less than 0-00001 in. 
(0-00025 mm.) thick, with the exception of components 
having a basic diameter of less than } in. and plated 
to Ni 4S or Ni 3C, to which, provided the chromium 
deposit covers the whole surface, the thickness 
requirement does not apply. 

For control purposes, testing methods other than 
those described are permissible, and attention is 
drawn to the B.N.F. jet test and thermoelectric 
thickness meter. In this connection, see following 
abstract. 


B.N.F. Plating Gauge 
‘B.N.F. Plating Gauge.’ 


Pamphlet issued by The British Non-Ferrous Metals 
Research Association, Nov. 1959. 


This pamphlet is of interest in connection with the 
publication of B.S. 1224:59 (see preceding abstract). 
It gives details of the B.N.F. Plating Gauge, manu- 
facture of which, in its modified form, is being 
undertaken under licence by Nash & Thompson, Ltd., 
Tolworth, Surrey. 

Originally developed some three or four years ago 
as a laboratory instrument for determining the 
thickness of electroplated coatings, the B.N.F. 
Plating Gauge has recently been substantially modified 
and re-designed to make it a robust, routine inspec- 
tion tool for measuring the thickness of nickel electro- 
deposits on steel, brass or zinc-alloy die castings, 
a purpose for which it is rapid, accurate and com- 
pletely non-destructive. 

Once adjusted for the particular combination of 
coating and basis metal being inspected, it can be 
placed in the hands of quite unskilled personnel, 
the only operations required being to apply the 
spring-loaded probe with the special jig and read 
off from the meter the thickness of nickel. Nickel 
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thickness can be measured with an accuracy’ of 
+0-0001 in. (=-0-0025 mm.) for the nickel ranges 
covered by B.S. 1224. Readings can be made in 
quick succession, as rapidly as one every five seconds 
if necessary, making thorough inspection of nickel- 
plated parts a practical proposition. 

The probe tip is a hard steel hemisphere less than 
3 in. (0-3 cm.) in diameter, and its small area of 
contact enables highly localised measurements to 
be made. Curved surfaces present no difficulty, 
so that variations in nickel thickness over an article 
of complex shape can be determined. Life tests 
have demonstrated that at least 100,000 readings 
can be made before replacement of the probe tip 
has to be considered. The positive spring-loading 
of the probe makes it insensitive to vibration from 
nearby machinery. 

The instrument utilises the thermo-electric properties 
of the junction formed between the plating and the 
basis metal. A copper probe, terminating in a small 
hemispherical steel tip and heated to constant temp- 
erature by a small electrical winding, is applied to 
the plated article. Because the temperature of the 
plating/basis-metal interface is dependent on the 
thickness of nickel immediately beneath the heated 
probe, the thermo-electric potential generated between 
the hot probe and a cold part of the plated article 
varies with the coating thickness. This thermo- 
electric potential, which is only about | millivolt, 
is amplified electronically and shown on a meter 
with three scales calibrated directly in terms of 
nickel thickness on steel, brass or zinc, respectively. 

In use, the instrument is zeroed, using two standards 
provided, and the zero control is then locked. Differ- 
ences in the thermo-electric properties of the coatings 
and basis metals can be accommodated by adjusting 
only one control on the instrument, set by reference 
to a third standard (provided by the user) which is 
similar to and has the same composition of nickel 
as the articles to be inspected. Experience to date 
is that, even if this third standard is not available, 
measurements can still be made with an accuracy 
of +0-0002 in. (+ 0-005 mm.), though there may 
be nickel compositions not yet examined which fall 
outside this range. The safest procedure is to stand- 
ardise finally on the type of nickel deposit under 
examination, and an accuracy of +0-0001 in. 
(+0-0025 mm.) nickel is then realised. 


Atmospheric Corrosion of Nickel-Plated 
Steel Sheet 


E. RAUB, F. ELSER and G. SCHMIDT: ‘Atmospheric 
Corrosion Tests on Nickel-Plated Steel Sheet.’ 


Mertalloberfldche, 1959, vol. 13, Oct., pp. 330-6. 


The tests, the results of which are summarised in 
the present paper, were carried out to determine 
the influence, on the corrosion-resistance of matt- 
nickel coatings, of (1) the variables involved in the 
preliminary degreasing operation, (2) the use of 
killed or rimmed steel for the basis metal, and (3) 
of copper plating prior to deposition of the nickel 
coating. 
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The coatings evaluated were deposited on sheet 
cold-rolled from six grades of steel, two of which 
had been killed with silicon and one with aluminium; 
the remaining three were rimmed. Prior to plating, 
the specimens were anodically or cathodically 
degreased at room temperature or 90°C., using a 
current density of 5 amp./dm.*, in an electrolyte 
of the following composition: sodium hydroxide 60, 
sodium carbonate 30, g/L. The effects of the de- 
greasing procedure were evaluated by varying the 
period and temperature at which the specimens 
were subjected to anodic and/or cathodic treatment. 
The specimens were exposed to atmospheric corrosion 
(in a location representative of a mild industrial 
town environment) in three conditions: matt-nickel- 
plated to an average thickness of 20.2 without subse- 
quent treatment; matt-nickel-plated and polished; 
copper-plated and finally nickel-plated, both coatings 
being deposited to a thickness of 10. and then 
polished. (Some of the 5,000 specimens studied 
were subjected to accelerated-corrosion tests, the 
results of which will be described in a future paper.) 
Corrosion-resistance was assessed in terms of the 
number of rust spots visible to the naked eye after 
two and twelve months’ exposure. Photographs 
of the test specimens illustrate the degree of corrosion 
suffered. 

On the basis of the data obtained, and within the 
limits imposed by the experimental conditions studied, 
the authors conclude that the copper/nickel composite 
coatings exhibited a higher corrosion-resistance than 
a single nickel deposit of similar thickness. (It 
is emphasised, however, that the intermediate copper 
deposit was polished.) The number of larger-size 
rust spots was less on the composite coatings, but 
there also appeared to be a greater tendency to 
rust formation at surface defects beneath the 
deposit. 

Under similar pre-treatment and_ nickel-plating 
conditions, specimens of open-hearth steel exhibited 
a somewhat higher corrosion - resistance than 
Bessemer-steel sheet, and the corrosion-resistance 
of nickel-plated killed steel was, in general, found to 
be less than that of rimmed-steel specimens. These 
distinctions, however, were not very pronounced, 
and virtually disappeared with the introduction of 
an intermediate layer of copper: signs of severe 
rusting were found orly in aluminium-killed steel. 

The different electrolytic degreasing procedures 
had no pronounced effect on the corrosion-resistance 
of the nickel-plated steel provided the degreasing 
and cleaning were effectively carried out. Variations 
in the degreasing procedure were, however, reflected 
in the mode of corrosion of the different types of 
steel. Anodic degreasing or alternate cathodic and 
anodic degreasing of silicon- or aluminium-killed 
steels increased susceptibility to filamentary corrosion 
and to rusting beneath the coating. A tendency to 
filamentary corrosion was observed also after hot 
cathodic degreasing, and this phenomenon is attri- 
buted to the fact that at high degreasing temperatures 
remnants of the .electrolyte dry on the sheet, are 
difficult to remove, and, as impurities, favour 
filamentary corrosion under the nickel layer. 








Structural Studies of Nickel, Chromium and Silver 
Electrodeposited Coatings 


E. RAUB, M. MIETKA and H. BEESKOW: ‘Studies of 
the Structure of Thin Electrodeposited Coatings.’ 
Mertalloberfldche, 1959, vol. 13, Oct., pp. 321-7. 


The investigation reported was conducted with the 
aim of studying the structure of thin metallic films 
electrodeposited on to a surface intended to minimise 
reproduction of the features of the substrate. 

Coatings of nickel, chromium and silver 50-30 A 
thick were deposited on copper plate which, after 
cold-working or cold-working and annealing, had 
been mechanically, anodically or chemically polished. 
In some cases the coatings were deposited on a 
copper substrate in the cold-worked-and-annealed 
condition. After removal from the substrate, the 
metal films were subjected to electron - micro - 
scopical examination. Photomicrographs illustrating 
the authors’ findings are included in the paper. 

The metals, when deposited on mechanically- 
polished copper plates, were initially polycrystalline 
and disordered. Crystallites of bright-nickel de- 
posits were considerably finer than those of matt- 
nickel films, and the former exhibited a clear orient- 
ation, independent of the orientation of the substrate, 
at a thickness at which the matt-nickel deposits 
were still unoriented. 

The stresses present in chromium coatings deposited 
on structured copper basis metal were reflected, 
even in very thin films, by indications of the type 
of hair cracks characteristic of thick coatings. 

‘Negative’ crystallites (faults in the coating at 
which no further deposition occurred) were observed 
during electrolytic crystallisation, particularly in the 
case of nickel and silver. Crystallites of matt-nickel 
coatings deposited on structured copper exhibited a 
step-like growth. 


Anodic Behaviour of Various Grades of Electrolytic 
Nickel 

E. RAUB and A. DISAM: ‘The Anodic Behaviour of 
Various Grades of Electrolytic Nickel.’ 
Metalloberflache, 1959, vol. 13, Oct., pp. 308-14. 


In an earlier investigation by the same authors 
it was found that an electrolytic-nickel anode dis- 
solved, in electrolytes of various composition, with 
minimum sludge formation and at a lower polaris- 
ation than a depolarised rolled anode (see abstract 
in Nickel Bulletin, 1958, vol. 31, No. 12, pp. 317-18). 
The work now reported was initiated to investigate 
the consideratle differences in anodic behaviour 
often exhibited by electrolytic-nickel anodes in 
practice. 

The behaviour of nineteen grades of electrolytic 
nickel, produced under controlled conditions, was 
studied. Eleven of the anodes were deposited from 
three electrolytes, under different conditions of pH, 
current density or temperature. Four of these 
were produced from a Watts solution, four from a 
sulphate-free chloride solution, and the remaining 
three from a bright-nickel solution of commercially 


available composition. The other eight anodes 
were deposited from, respectively, a second commer- 
cial bright-plating solution, a nickel-ammonium- 
sulphate solution, a nickel-cobalt solution (containing 
75-80 per cent. of nickel), and from five Watts 
solutions containing one of the following organic 
additions: coumarin, sodium-1 :3:6-naphthalenetri- 
sulphonate, saccharin, butindiol, and formalin. The 
plating conditions and the compositions of the 
electrolytes are tabulated, and the hardness values 
obtained are discussed. 

The anodic behaviour of the fourteen grades of 
electrolytic nickel was evaluated in a chloride-free 
nickel-sulphate solution, a sulphate-free nickel- 
chloride solution, a Watts solution, and a commercial 
bright-plating solution. The solutions were operated 
at 20° or SO°C. and a pH of 2 or 4. The anode- 
potential/currenty-density curves and equilibrium 
potential determined for each of the grades of anode 
are presented. 

Nickel anodes produced from addition-free chloride 
and Watts solutions were found to resemble pure 
rolled anodes in their behaviour, becoming passive 
in chloride-free sulphate solutions even at low 
current densities, and the anode potential increasing 
to the potential of oxygen evolution. 

The course of the anode-potential/current-density 
curves determined for anodes in_ sulphate-free 
chloride electrolytes was generally smooth. Under 
certain conditions, however, the curves were inter- 
rupted by a sudden increase in potential without pass- 
ivation, a phenomenon otherwise encountered only 
during deposition from sulphate-containing electro- 
lytes. Provided they were free from sulphur, 
organic additions had relatively little effect on the 
anodic behaviour of nickel deposited from a Watts 
solution, even when the mode of crystallisation 
changed as a result of formation of bright or hard 
nickel deposits. 

Due to co-deposition of nickel sulphide, anodes 
produced from solutions containing sulphur-bearing 
organic compounds did not become passive in pure 
nickel-sulphate solutions even at high anodic current 
densities, and a similar behaviour was observed in 
grades of nickel deposited from commercially avail- 
able bright-nickel, solutions, all of which contain 
sulphur. In many instances, polarisation with these 
grades of nickel was, irrespective of the composition 
of the electrolyte, significantly lower than that 
determined for depolarised rolled anodes. 

The anodic behaviour of the cobalt-nickel deposits 
was intermediate between that of the sulphur-free 
and sulphur-containing electrolytic grades of nickel. 
Polarisation was generally more pronounced than 
that for the sulphur-containing grades, and, under 
certain operating conditions, they exhibited the 
previously mentioned ‘jump’ in potential, particularly 
in commercial bright-nickel solutions. Anodic polar- 
isation, however, was always significantly lower 
than that found for the sulphur-free nickel anodes. 
Nickel anodes deposited from the nickel-ammonium- 
sulphate solution also exhibited a much lower 
polarisation than that of anodes produced from 
the Watts solution or a nickel-chloride electrolyte. 
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The lattice disturbances occurring during electro- 
deposition of nickel under the various conditions 
studied (and reflected, for example, in pronounced 
differences in hardness) influenced anodic behaviour 
to a much lesser degree than did the presence of 
sulphur. Although the effects of such disturbances 
were clearly evident in some cases, no fundamental 
differences were found. 

The behaviour of anodes deposited from solutions 
containing organic sulphur compounds was funda- 
mentally different. In general, these sulphur- 
containing anodes did not become passive in chloride- 
free sulphate electrolytes even under extreme con- 
ditions (e.g., at anodic current densities of 10-15 
amp./dm.”), and the mode of dissolution differed 
from that of the sulphur-free types. The latter were 
prone to severe pitting at high anodic current densities, 
whilst on the sulphur-containing types a dark surface 
film formed under which dissolution progressed 
uniformly. 


Influence of Impurities on Bright-Nickel-Plating 
Solutions 


A. CHAYBANY: ‘Some Investigations into Bright 
Finishing in Nickel Baths and the Influence of 
Impurities.’ 

Metal Finishing Jnl., 1959, vol. 5, July/Aug., pp. 263-8. 


During work on the electrodeposition of cobalt, 
the author found considerable differences between 
the properties of cobalt and nickel coatings, particu- 
larly with respect to external appearance and 
corrosion-resistance. It was observed that cobalt- 
plating solutions were more easily adapted to deposi- 
tion of bright deposits than nickel-plating solutions 
of conventional composition, and in the introductory 
section of this review the author outlines the reasons 
for these differences. Emphasis is placed on findings 
indicating the deleterious effects, on the brightness 
obtained in the deposits, of chloride additives and 
of copper and iron impurities present in the plating 
solution. As a result of these findings, the author 
carried out research on the development of a 
chloride-free bright-nickel-plating solution, and on 
methods of eliminating the copper and iron impurities 
present in such a solution. 

The limiting composition of the solution developed 
by the author is given as: 7 H,O.NiSO, 120-300, 
ammonium sulphate 20, anhydrous sodium sulphate 
100, potassium bromide 1-5, boric acid (if desired) 
20-40, g./L. The procedure employed to purify 
this type of solution, using chemical additives, is 
described in some detail. Iron is eliminated in the 
form of the hydroxide, and the copper is precipitated 
as cuprous thiocyanate. The principal advantage 
of the bright-plating solutions discussed is stated 
to be the ease with which the additive agents may be 
eliminated by simple treatment with permanganates. 

The article also includes notes on a method of 
bright-nickel plating from solutions in which the 
copper and iron are present in the form of complexes 
(and hence harmless), and on a process in which 
iron is eliminated automatically during deposition of 
nickel-copper alloys. 
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Influence of Calcium and Copper on the 
Properties of Nickel Electrodeposits 


R. A. BACON: ‘The Effects of Impurities on Electro- 
deposited Nickel with Special Reference to Calcium.’ 
Michigan University, Department of Metallurgical 
Engineering, Thesis, 1957; 64 pp. 

Although calcium is commonly present in nickel- 
plating solutions (mainly as a constituent of hard 
water used in the make-up of the bath) and is known 
to have, under certain conditions, an adverse effect 
on the deposits produced, little work had been 
carried out to throw light on these effects. Similarly 
no reason had been advanced in explanation of the 
black spongy deposits obtained from solutions 
contaminated with copper. The main emphasis in 
the investigation now reported was on determination 
of the effects of calcium on the properties of nickel 
deposits, but research was also carried out in an 
attempt to establish the mechanism involved in 
nodule formation in copper-contaminated plating 
solutions. 

Three types of nickel-plating solution were employed 
in the study: a Watts-type solution (operated at a pH 
of 2-2 and 5-2); a nickel-cobalt bright-plating solu- 
tion (pH 3-75); and an organic-type solution (oper- 
rated at a pH of 3-2) containing nickel benzene- 
disulphonate and triaminotolyldiphenylmethane. The 
influence of cadmium (introduced into the solution 
as calcium carbonate) was studied at two concen- 
trations: 350 p.p.m. (an average level) and 700 p.p.m. 
(the upper limit found in plating solutions). Coatings 
of four different thicknesses were obtained from each 
solution investigated. The properties of the deposits 
produced from calcium-contaminated solutions were 
evaluated in terms of their percentage variation from 
those exhibited by coatings deposited from the re- 
levant uncontaminated plating solution. It was found 
that calcium in the amounts used had no significant 
effect on any of the properties studied (appearance, 
ductility, hardness and corrosion-resistance of the 
deposits, and the throwing power of the solutions) 
and no method was found for removal of the con- 
taminant from the electrolyte. 


A solution to the problem of determining the 
mechanism involved in the formation of nodules 
on nickel coatings deposited from copper-contamin- 
ated plating solutions was sought in a series of 
experiments designed to isolate the relevant from 
the irrelevant factors by a process of elimination. 

The possibility that the nodules resulted from 
lattice disturbances was ruled out on the basis 
of crystallographic and atomic considerations. That 
the nodules might have originated by imperfections 
in the basis metal was disproven by several experi- 
ments: deposition of a nickel film from an un- 
contaminated nickel solution to which copper was 
added as deposition progressed; buffing one half 
of the basis metal prior to deposition; taper-sectioning 
the rough black deposit; and altering the direction 
of solution agitation. In each case the results re- 
pudiated any relationship between the basis metal 
and the nodules. Polarisation studies indicated 
the formation of hydrides as a likely cause of nodule 








growth, and this hypothesis was reinforced by the 
results of chemical analysis of the nodules and of 
the smooth nickel coating (the data showed the nodules 
to have a slightly higher copper content), and by 
current-density studies which indicated that nodule 
formation increased at higher current densities. 
The author concludes from this evidence that this 
type of roughness in electrodeposited nickel results 
from a complex solution adjustment at the cathode 
surface which causes a pH precipitation and localised 
polarisation differences with subsequent deposition. 
Roughness in nickel coatings deposited from solu- 
tions contaminated with calcium differed from that 
in coatings deposited from copper-contaminated 
solutions, the former occurring by occlusion and 
entrapment of precipitated salts, probably calcium 
sulphate. 


Influence of Manganese on the Properties of Nickel 
Electrodeposits 


R. J. ROWE: ‘The Effects of Manganese on Electro- 
deposited Nickel.’ 

Michigan University, Department of Metallurgical 
Engineering, Thesis, 1956; 52 pp. 

Manganese contamination in nickel-plating solu- 
tions usually occurs as a result of the presence of 
manganese in the anodes or as a result of the use of 
potassium-permanganate additions to overcome 
organic contamination. The main object of the study 
reported was to determine the effects of manganese 
contamination of the electrolyte on the physical 
properties of nickel deposits, and to investigate 
electrolytic and high-pH precipitation methods of 
removing the manganese. The secondary aim was 
to determine the internal stress of nickel deposited 
from purified plating solutions, and, in particular, 
to establish whether highly stressed coatings deposited 
from a_ nickel-cobalt solution would crack during 
plating. 

Three electrolytes were selected for study: a Watts 
solution (operated at a pH of 2-2 or 5-2), an organic 
bright-plating solution (pH 3-2), and a nickel-cobalt 
solution (pH 3-75). Manganese was added to each 
of the solutions in amounts ranging from 0 to 300 
mg./L., and a study was made of the influence of 
these additions on the appearance, adhesion, ductility, 
hardness and corrosion-resistance of the deposits 
and on the throwing power of the solution. Corrosion- 
resistance was evaluated by means of the salt-spray 
and the acetic-acid/salt-spray tests and by an 
electrochemical test. 

Increase in the manganese concentration of the 
Watts solution tended to produce finer-grained 
deposits at the nigh-current-density areas, but the 
additions had no effect on the appearance of bright 
coatings deposited from the nickel-cobalt and 
organic solutions. Adhesion was _ unaffected by 
increase in maganese concentration, but an increase 
in the ductility of nickel deposited, at a pH of 2-2, 
from the Watts solution is attributed to the presence 
of manganese in solution, and in general, there was 


a decrease in the ductility of deposits produced 
from the solution operated at a pH of 5-2, and 
from the nickel-cobalt solution. No significant 
change was noted in the ductility of nickel from the 
organic plating solution. Elongation values were 
unaffected by manganese contamination. The slight 
variations determined in hardness values are consid- 
ered of little significance, and the presence of man- 
ganese had no effect on corrosion-resistance. Al- 
though the throwing power of the two bright solutions 
increased slightly, no significant trend was established 
in this connection. 

Both high-pH precipitation methods and low- 
current-density electrolysis were found to be incapable 
of removing the manganese from the plating solutions. 

The internal stress of nickel deposits produced 
from the solutions studied ranged from a tensile 
stress of 40,000 p.s.i. (17-8 t.s.i.; 28 kg./mm.?) in 
the nickel-cobalt coatings to a compressive stress of 
5,000 p.s.i. (2-2 t.s.i.; 3-5 kg./mm.*) in the organic 
bright-nickel deposits. Coatings deposited from the 
Watts solution exhibited a stress of about 18,000 p.s.i. 
(8 t.s.i.; 12-5 kg./mm.?). Strain measurements indic- 
ated that no cracking occurred in the deposits 
during plating. 


Surface Treatments for Hot-Work Dies 
See abstract on p. 373. 





NON-FERROUS ALLOYS 


Report of the Royal Mint: Nickel-containing Coinage 


‘Royal Mint: Eighty-ninth Annual Report of the 
Deputy Master and Comptroller for the Year 1958.” 
Published by H.M. Stationery Office, 1959 ; 

85 pp. index. Price 5/-. 


The report contains the usual statistical information 
on United Kingdom silver, cupro-nickel, nickel-brass 
and bronze coinage, currency withdrawn, assays 
made, etc. Details of the activities of the associated 
Mints in Australia are also given. 

Coinage of completely new design struck at the 
Royal Mint during 1958 included the following series 
of coins for Ghana: cupro-nickel: 2s., Is., 6d., 3d.; 
bronze: Id., $d. These coins, together with others 
and with the medals and seals struck during the 
year, are illustrated. 

In his report the Comptroller puts the case for 
and against decimalisation of the coinage, and 
discusses suggested coinage reforms centred on 
the withdrawal of the farthing, the size of the penny, 
the withdrawal of the halfcrown or the florin, and 
the introduction of a coin, or coins, of higher value 
than the halfcrown. 
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Improved Nickel-containing Gunmetals for Quality 
Castings 


MOND NICKEL CO. LTD.: ‘Improved Gunmetals for 
Quality Castings.’ 
Publication 1885, 1959; 16 pp. 


All the standard gunmetals in use to-day have been 
evolved by trial and error: none of them is capable 
of providing the ideal combination of properties 
needed for the production of quality castings. 
Ideally, a gunmetal should lend itself to easy 
production in the foundry, and, together with good 
castability, should exhibit uniformly high mechanical 
properties and pressure tightness in castings of 
variable section. This publication reviews the pro- 
perties of the standard gunmetals most widely 
used to-day, and describes two improved and com- 
petitive alloys developed, as a result of work by 
The Mond Nickel Company, Ltd., and The Inter- 
national Nickel Company, Inc., to meet the needs 
of the future. Both the alloys have been evaluated 
by a number of foundries on a production basis 
with excellent results, and it has been shown that 
their use enables a high standard of casting quality 
to be achieved easily and economically. 


One of the alloys covered comprises an improved 
nickel-containing gunmetal, the compositional limits 
of which are given as: tin 6-7, zinc 3-5, lead 3-5, 
nickel 1-5-2-5, total impurities 0-5 max., per cent., 
copper remainder. The phosphorus content should 
not exceed 0:02 per cent. in castings over | in. 
(2-5 cm.) in section. This alloy has stable and 
much higher mechanical properties, at both atmo- 
spheric and elevated temperatures, than the widely 
used 85-5-5-5 gunmetal, but still retains the same 
adaptability to the production of pressure-tight 
castings. Castings made to this modified com- 
position are far less sensitive to the effect of casting 
section than the standard gunmetals, and, when 
properly made, should have a 0-1 per cent. proof 
stress in the region of 8 t.s.i. (12-5 kg./mm.?; 
17,900 p.s.i.), with a maximum stress of 16-17 t.s.i. 
(25-26°5 kg./mm.*; 35,800-38,000 p.s.i.) in sections up 
to 2 in. (S cm.) thick. The mechanical properties 
can moreover now be related to those obtained from 
separately cast test bars. It follows, therefore, 
that the use of such an alloy will enable castings to 
be more effectively designed with regard to the use 
of thinner sections, and hence could result in a 
considerable saving in weight and cost. The public- 
ation includes data indicating the effect of section 
thickness and design on the mechanical properties 
of fully-fed sand castings in the improved leaded 
gunmetal and the standard 88-10-2 and 85-5-5-5 
alloys. Casting production, costs and applications 
are discussed. 


The other alloy described represents an improved 
grade of ‘Ni-Vee’ Type A gunmetal, and falls within 
the following composition range: tin 6-7, nickel 
5-5-5, zinc 1- 5-2-5, lead 0: 1-0-5, per cent., remainder 
copper. Percentage maxima laid down for impurities 
are as follows: iron 0-25, manganese 0-2, antimony 
0:15, aluminium 0-01, silicon 0:01, others 0:25. 
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The original Type A gunmetal (based on the com- 
position copper 88, tin 5, nickel 5, zinc 2, per cent.) 
was developed by The International Nickel Company, 
Inc. The alloy is age-hardenable, and has been used 
in America for the production of cast components 
where high mechanical properties are required in 
conjunction with improved resistance to wear and 
corrosion (e.g., gear wheels, bearings, valve bodies, 
actuating nuts, etc.). With this basis composition, 
however, small additions of lead (up to 0-1 per cent.), 


which inhibit age-hardening and also promote 
quench cracking, have given rise to production 
difficulties. 


Recent investigations conducted by The British 
Non-Ferrous Metals Research Association have 
shown that a slight modification in the nickel/tin 
ratio, to increase the rate of ageing, would counteract 
the inhibiting effect of lead, and that cracking could 
be avoided by omitting the quenching operation 
during the heat-treatment. The mechanical pro- 
perties of an alloy containing tin 6-7, nickel 5-5-5, 
zine 1-5-2-5, lead 0- 1-0-5, per cent., balance copper, 
will fall within the following range (after heat- 
treatment consisting of 2 hours at 780-800°C., air- 
cool, 6 hours at 315-325°C., air-cool): 


t.s.i. 


kg./mm.? p.s.i. 
0-1 per cent. 
proof stress 15-27 23-5-42-5 33,600-60,500 
Maximum stress 25-33 39-5-52 56,000-73,900 
Elongation 25-5 per cent. 
Hardness 120-200 B.H.N. 


These results are associated with the other properties 
of ‘Ni-Vee’ Type A previously mentioned, and the 
castings are less sensitive to the effect of casting 
section. It should be noted, however, that the 
alloy is age-hardenable and is not therefore recom- 
mended for use at elevated temperatures. 

Details are given of the influence of section thickness 
on the mechanical properties of such castings, and 
casting production and applications are discussed. 


Age-Hardening and Tensile Properties of 
Nickel-Tin-Bronze Sand Castings 


J. E. BOWERS and B. S. MUNRO: ‘The Mechanical 
Properties of Heat-Treated Nickel-Tin-Bronze Sand 
Castings and the Effect of Impurities, especially 
Lead.’ 

British Foundryman, 1959, vol. 52, Oct., pp. 425-35. 


The investigation described was undertaken to 
obtain data on the ageing behaviour and mechanical 
properties of twelve sand-cast alloys containing 
nickel 2-10, tin 2-10, zinc 2, per cent., remainder 
copper. The influence of lead (which has been 
reported in the literature to inhibit age-hardening), 
aluminium and silicon was also studied. 

Solution-treatment was at 760°C., or at the minimum 
temperature above 760°C. which would produce 
a single-phase structure in 16 hours. The ageing 
process (at temperatures in the range 150°-400°C.) 
was investigated by microscopical examination and 








hardness determinations, and subsequently cast 
tensile specimens were heat-treated to give a range 
of properties which would permit comparison of the 
alloys studied. In experiments to determine the 
influence of impurities on mechanical properties and 
rate of age-hardening, part of each melt was cast 
as a control sample, and 0-1 per cent. of lead, 
silicon or aluminium was then stirred into the 
remainder before casting. The effect of lead on one 
of the alloys (containing nickel 5, tin 5, zinc 2, 
per cent.) was further studied by making successive 
additions to the melt, in amounts up to 14 per cent., so 
that the copper : nickel : tin ratio was maintained con- 
stant. The data obtained from the investigation are 
presented in extenso. 

The alloys within the system studied were found to 
be heat-treatable to a high hardness. Ageing 
behaviour at high temperatures was typical, the 
strength increasing and ductility decreasing with 
ageing time. The authors summarise their main 
findings as follows: 


‘(1) Given a suitable heat-treatment, a_ useful 
combination of strength and ductility can be obtained 
from these alloys, with the exception of those con- 
taining 8-10 per cent. of both nickel and tin, which 
tend to be brittle. The 4 per cent. nickel-10 per cent. 
tin alloy studied was also brittle in the as-cast state 
but had slightly enhanced ductility after solution- 
treatment, when aged to a tensile strength less than 
30 t.s.i. (47-25 kg./mm.?; 67,200 p.s.i.). 


‘(2) 0-1 per cent. lead slows down the age-hardening 
process and reduces the ductility obtained at any 
specified tensile strength. The reduction is not 
large, however, and the properties are not unduly 
impaired even when lead is present. Silicon and 
aluminium as impurities are deleterious at the 0-1 
per cent. level. 


‘(3) An excess of tin over the | : 1 ratio of nickel: 
tin is preferred, since any variation of tin, within 
the specification, will then have little effect on the 
rate of ageing of the alloy; for example, an alloy 
containing 5-53 per cent. of nickel with 6-7 per 
cent. of tin and 2 per cent. of zinc should give useful 
properties and have a reasonable ageing rate even 
with 0-1-0-2 per cent. of lead.’ 


Polishing and Buffing of Nickel-containing Materials 
See abstract on p. 376. 





NICKEL-IRON ALLOYS 


Magnetic Properties of Metals and Alloys 

AMER. SOC. METALS: ‘Magnetic Properties of Metals 
and Alloys.’ 

Published by the Society, 1959; 329 pp. appendices 
and index. 


This volume contains the papers presented at a 
Seminar on Magnetic Properties of Metals and Alloys 


= ee 
held during the National Metal Congress and 
Exposition, Cleveland, October 1958. 

The papers (see below) are concerned both with 
practical developments in the field of magnetic 
materials (e.g., the study of thin films and the con- 
struction of permanent magnets from fine particles) 
and with work directed primarily towards the under- 
standing of magnetic phenomena, but, in either case, 
much of the illustrative data relate to nickel or nickel- 
containing materials. 

J. H. VAN VLECK: ‘Fundamental Questions in Magnet- 
ism’, pp. I-17. 

C. P. BEAN and R. W. DeBLOIS: ‘Experimental Measure- 
ment of Fundamental Magnetic Properties’, pp. 18-34. 
H. J. WILLIAMS and R. C. SHERWOOD: ‘Magnetic Domain 
Structures’, pp. 35-55. 

R. G. SHULMAN: ‘Nuclear Magnetic Resonance in 
Magnetic Crystals’, pp. 56-67. 

J. J. BECKER: ‘Metallurgical Structure and Magnetic 
Properties’, pp. 68-92. 

J. E. GOLDMAN and A. ARROTT: ‘Magnetic Measure- 
ments in Metallurgy’, pp. 93-111. 

J. B. GOODENOUGH and D. O. SMITH: ‘Magnetic Pro- 
perties of Thin Films’, pp. 112-145. 

T. O. PAINE: ‘Magnetic Properties of Fine Particles’, 
pp. 146-67. 

G. W. RATHENAU: ‘Time Effects in Magnetisation’, 
pp. 168-99. 

Ww. J. CARR: ‘Magnetostriction’, pp. 200-50. 

A. COCHARDT: ‘Magnetomechanical 
pp. 251-79. 

B. L. AVERBACH: ‘Spin Clusters in Iron near the 
Curie Temperature’, pp. 280-7. 


Cc. D. GRAHAM: ‘Magnetic Annealing’, pp. 288-329. 


Damping’, 


Effects of Temperature on Magnetic-Core Materials 


M. PASNAK and R. H. LUNDSTEN: ‘Effects of Temper- 
ature on Magnetic Core Materials Over the Temp- 
erature Range 24°-850°C.’ 
Electrical Manufacturing, 
pp. 119-26. 


The investigation, in which most of the important 
commercially available magnetic alloys were evalu- 
ated, was initiated, in view of military demands 
for components suitable for applications involving 
extremes of temperature, to provide information for 
the design engineer and for future development 
work. 

Thirty specimens, representing twelve grades of 
magnetic alloy, were tested. The results obtained 
for the following ten alloys are reported in the present 
paper (the properties and behaviour of the remaining 
two, ‘Z-Silectron’ and ‘Audio Transformer-A’, being 
closely similar to those of ‘L-Silectron’ and ‘Trans= 
former-A’, were omitted): Silicon-iron alloys: 
‘L-Silectron’ (grain-oriented), ‘Transformer-A’ (non- 
oriented); Aluminium-iron alloys: ‘11-7 Alfenol’ 
(ordered), ‘15-5 Alfenol’ (disordered), ‘3 Mo Ther- 
menol’; Vanadium-cobalt-iron alloy: ‘Supermendur’; 
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Cobalt-nickel-iron alloy: ‘7-70 Perminvar’; Nickel- 
iron alloys: ‘Orthonol’ (grain-oriented), ‘AEM 4750’ 
(non-oriented), ‘4-79 Mo Permalloy’. 

The study was conducted in two stages. In the 
first, the magnetic properties of all the materials 
were determined (1) at temperatures ranging (at 
intervals of 100C.°) from 24° to 500°C. or to the Curie 
point, whichever was the lower, and (2) during 
temperature cycling between 24° and S00°C., using 
two cooling rates. In the second phase, specimens 
of those materials with Curie points above 500°C. 
were tested from 24° to 500°C. and then, at intervals 
of 100C.°, up to a temperature in excess of the Curie 
point; each was then cooled at a controlled rate 
and re-tested at 24°C. The total soaking time 
at any temperature was two hours: one hour to 
permit stabilisation, the other for testing. 

Data on the A.-C. and D.-C. magnetic properties 
are presented in a series of tables, and the paper 
includes the D.-C. induction (virgin-magnetisation) 
curves determined for each test temperature. The 
characteristics of each material are summarised in 
the text. 

With rise in temperature most of the materials 
studied exhibited the normal characteristics of de- 
creasing saturation induction, residual induction and 
coercive force, but the grain-oriented materials 
were more affected by temperature cycling than 
the unoriented materials. The effects of temperature 
cycling were, in general, reflected in an increase 
in the coercive force, a decrease in the maximum 
permeability, a decrease in the residual flux density, 
and a decrease in the squareness ratio with each 
temperature cycle. 

The magnetic properties of ‘Supermendur’, ‘7-70 
Perminvar’, and the aluminium-iron alloys were 
found to be critically dependent upon the cooling 
rates to which they were subjected. 

The silicon-iron materials were prone to severe 
oxidation when exposed to air at elevated temper- 
atures, and this tendency indicates the advantage 
of hermetically sealing them in an atmosphere of 
inert gas or in vacuo. ‘ 


Magnetic Annealing in Iron-Cobalt-Nickel Alloys 


‘Magnetic Annealing in Perminvar.’ 

R. D. HEIDENREICH, E. A. NESBITT and R. D. BURBANK: 
‘I. Structure and Origin.’ 

Jnl. Applied Physics, 1959, vol. 30, July, pp. 995-1000. 
E. A. NESBITT and R. D. HEIDENREICH: ‘II. Magnetic 
Properties.” 

Ibid., pp. 1000-3. 


The experiments reported were conducted in an 
attempt to explain, on the basis of an observed 
structural rearrangement with field heat-treatment, 
the response exhibited by a wide range of soft, 
magnetic alloys to magnetic annealing. 

Part I of the paper gives details of an electron- 
diffraction study of the structure of iron-cobalt- 
nickel alloys which exhibit magnetic annealing. 
In the experiments described in Part II these struc- 
tural findings were correlated with the magnetic 
properties of the alloys. 
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The results show that response to heat-treatment 
in a magnetic field is dependent upon the oxygen 
present in the alloy as an impurity, and is associated 
with distinct diffraction phenomena. A structural 
model is presented based on a correlation of the 
diffraction results, magnetic properties and oxygen 
content. 

An oxygen content of about 0-001 per cent. was 
found to be sufficient to produce magnetic annealing 
with proper heat-treatment, but an alloy containing 
only 0-0001 per cent. oxygen failed to respond 
to field heat-treatment. With appropriate heat 
treatment the oxygen impurity produces magnetic 
activity in the alloy crystal by condensing into the 
(111) planes of the crystal, giving rise to a stacking 
disorder or fault. (The term ‘impurity fault’ is 
introduced to describe this structural irregularity.) 
The oxygen impurity faults are thought to be aligned 
by magnetic annealing, and are intimately connected 
with field heat-treatment properties. If sufficient 
oxygen is available in the crystal, the faults thicken 
and organise to yield metal oxides. 





CAST IRON 


Use of ‘Ni-Hard’ for Grinding-Mill Liners 


W. H. ZIEMAN: ‘Forum on Ball and Rod Mill Liners.’ 


Canadian Mining and Metallurgical Bulletin, 1959, 
vol. 52, Aug., pp. 511-28. 


This paper reviews the proceedings of the third 
of the Annual Forums on Grinding instituted, 
under the auspices of the Canadian Mining and 
Metallurgical Society, in 1957. Discussion at the 
previous forums had indicated that one of the most 
important factors which influence grinding effi- 
ciency is the design of the mill liners, and, to throw 
light on the types of liner at present in use in Canada, 
it was decided to submit questionnaires to the industry 
requesting tabular data on routine practice which, 
wherever possible, were to be supplemented by com- 
ments on any points of interest applicable to the 
particular plant. Thirty-seven companies responded 
to this request, and the data obtained formed the 
basis for discussion at the 1959 Annual Forum. 
The proceedings are reviewed in three sections. 
In the first the information compiled from the 
questionnaires is summarised in tabular form, 
and reference is made to contributors’ remarks 
dealing with points of specific interest. The data 
submitted by each of the thirty-seven firms, classified 
in thirty-four columns, cover virtually every factor 
associated with service conditions and performance 
of the liner (e.g., plant capacity, stage, type of mill 
(rod, ball or pebble), dimensions of the liner, materials 
of construction of liner, grinding media, etc.). The 
liner materials to which the data relate are white 
iron, manganese and chromium-molybdenum steels, 
and the nickel-chromium white cast iron ‘Ni-Hard’. 
Grinding balls were in white iron, forged steel, cast 
steel or ‘Ni-Hard’. 








In section II an analysis is made of the data tabulated 
in the first section. Reference is made, inter alia, 
to the decided preference shown for ‘Ni-Hard’ 
as a liner material. Manganese steel is, however, 
still employed when toughness is required, and 
chromium steel where toughness is necessary and 
peening cannot be tolerated. White iron is con- 
sidered capable of competing on an economical 
basis with ‘Ni-Hard’ when used for pocket or smooth 
liners. 

Section III of the paper reports the discussion which 
followed the presentation of the data. 





CONSTRUCTIONAL STEELS 


Investment Castings in Carbon- and Low-Alloy Steel: 
British Standard 


BRIT. STANDARDS INSTN.: ‘Investment Castings in 
Metal. Part 1. Carbon- and Low-Alloy Steels.’ 
B.S. 3146: Part 1: 1959; 26 pp. Price 6/-. 


The Standard lays down requirements for investment 
castings in the following types of steel: carbon steel; 

} per cent. manganese steel; alloy steels with tensile 
strengths in the ranges 45-55 and 55-65 t.s.i.; high- 
tensile steel; carbon-molybdenum steel; 3 per cent. 
chromium-molybdenum steel; carbon-steel for sur- 
face hardening; carbon case-hardening steel; 3 per 
cent. nickel case-hardening steel; 3 per cent. chrom- 
ium-molybdenum nitriding steel; 1 per cent. chrom- 
ium abrasion-resisting steel. 

Section I of the Standard specifies general require- 
ments with respect to the manufacturing process, 
composition, fettling and dressing, heat-treatment, 
methods of testing, etc. Section II outlines the com- 
positional limits, heat-treatment and mechanical 
properties laid down for each of the grades of steel 
covered. 

The following composition range is given for 
castings in the nickel case-hardening steel: carbon 
0-1-0-18, silicon 0-25-0-6, manganese 0-3-0-6, 
sulphur 0:05 max., phosphorus 0-05 max., chromium 
0-3 max., molybdenum 0-15 max., copper 0-3 max., 
nickel 2-75-3-5, per cent. 


Temper-Embrittlement: Literature Review 


T. P. SINGH: ‘Temper-Embrittlement: A Review of 
the Literature.’ 


Metal Treatment, 1959, vol. 26, July/Aug., pp. 275-83. 


In this critical review of published work on temper- 
embrittlement in steels the author discusses literature 
(the bibliography contains 37 items) relating to: 
the mechanical and metallographic techniques used 
to evaluate embrittlement characteristics; the mode 
of fracture in embrittled and unembrittled steels; 
the effects of temper-embrittlement on the properties 
of the steel; the isothermal kinetics involved in 
embrittlement; the susceptibility to embrittlement 


of various grades of nickel-containing steels; the 
influence of microstructure and grain-size; and 
temper-brittleness in plain-carbon steels. 


Internal Friction and Temper Brittleness in Low-Alloy 
Steel 


A.-F. K. KADDOU and P. C. ROSENTHAL: ‘Correlation 
Between Internal Friction and Temper Brittleness 
in Steel.’ 

Amer. Soc. Metals, 1959, Preprint 151; 12 pp. 


Research by other workers having established 
that carbon atoms play a predominant rdle in 
promoting temper brittleness in steels, the investig- 
ation now reported was carried out to determine, 
by means of internal-friction studies, the influence 
of carbon on the occurrence of temper brittleness 
in two steels, a low alloy nickel-chromium steel 
(A.1.S.I. E 3310) and a carbon steel (A.I.S.I. C 1016), 
the former being highly susceptible, and the latter 
insensitive, to embrittlement. 

Some of the specimens studied were subjected to 
an embrittling, and the remainder to a non-embrittling, 
heat-treatment. The internal friction of the specimens 
studied was measured, at temperatures ranging from 
room temperature to 500°F. (260°C.), using a torsional 
pendulum at a frequency of 1-5 cycles/sec. The 
results of this study were supplemented by data 
derived from Charpy impact tests. 

On the basis of the data obtained, the authors 
interpret the mechanism of temper brittleness in 
terms of the segregation of solute atoms to the 
dislocations at the grain boundaries and in the crystal 
lattice, forming a Cottrell-type atmosphere: the 
type of dislocation atmosphere determines whether 
the steel is tough or temper-embrittled. The data 
suggest that temper brittleness is not a grain-boundary 
phenomenon but a state in which all the dislocations 
which contribute to plastic flow are anchored rigidly 
by the condensed atmospheres. Under certain 
conditions of strain rate and test temperature, these 
dislocations cannot contribute to the plastic flow 
and hence intergranular failure results. 


Elevated-Temperature Properties of Cast and 
Wrought High-Strength Steels 


R. K. BUHR and W. A. MORGAN: ‘Cast and Wrought 
Alloy Steels: Elevated-Temperature Properties.’ 
Modern Castings, 1959, vol. 36, Oct., pp. 61-7. 


Whilst a great deal of information is available on 
the properties of high-strength steels in the wrought 
condition, the properties of similar grades of steel 
in the cast condition have not been investigated so 
extensively. In the work now reported the authors 
have compared the high-temperature properties of 
cast and wrought specimens obtained from the same 
heats of low-alloy steel. 

A. nickel-chromium-molybdenum steel and three 
grades of chromium-molybdenum-vanadium steel 
were selected for study. Tensile properties were 
determined at 70°, 700° and 1000°F. (20°, 370° 
and 540°C.), and Charpy V-notch impact tests 
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were conducted at room temperature and —40°F. 
(—40°C.). Fatigue properties were determined on 
notched and unnotched specimens. Experiments 
were carried out to establish optimum tempering 
temperatures and the mechanism involved in second- 
ary hardening was also investigated. Full details 
are given of the procedures used and the data 
obtained. 

These data indicate that, in the cast condition, 
the steels offer advantages that render them suitable 
for service at elevated temperatures. Although 
their room-temperature ductility was somewhat 
inferior to that of wrought specimens, this difference 
became very much less marked at high temperatures. 
The fatigue properties of unnotched specimens were 
higher for the wrought steels, but in the wrought 
condition the steels were found to be much more 
notch-sensitive than in the cast. A further advantage 
of the cast steels is that their properties are not 
influenced by directionality effects. 

Investigation of the mechanism of secondary- 
hardening, using electron microscopy and electrolytic 
carbide-extraction techniques, verified that the 
strengthening effect was due to precipitation of fine 
alloy carbides. 


Influence of Structural Variables on the 
Properties of High-Strength Cast Steel 


M. C. FLEMINGS, R. GREEN and H. F. TAYLOR: ‘Struc- 
tural Variables Influencing Mechanical Properties 
of High-Strength Cast Steels.’ 

Modern Castings, 1959, vol. 36, Oct., pp. 84-98. 


Many of the problems encountered in the production 

of castings in high-strength steel (e.g., hot tearing, 
shrinkage defects, surface defects, segregation of 
non-metallic and alloying elements) are associated 
with the solidification mechanism of the steel, and 
should therefore be overcome or minimised by 
appropriate control of the mode of solidification 
and of such factors as melt composition, melting 
practice and heat-treatment. The present paper 
describes the initial phase of an investigation of the 
effect of solidification variables on the structural 
properties of high-strength cast steels. 

Plate specimens of a low-alloy nickel-chromium- 
molybdenum steel (a modification of the A.I.S.I. 4330 
grade) were cast, in different moulding materials, 
to obtain widely varying conditions of solidification. 
Cooling rates during solidification were varied (at 
test-bar locations) from 300F.° (165C.°) to less. 
than 20F°. (10C.°) per minute, and the thermal 
gradients from 350F.° (195C.°) to less than 70F. 
(40C.°) per inch. 

The differences in solidification conditions did 
not significantly influence the macrostructure 
(columnar, original austenite grains), but affected the 
microstructure in important ways. With increase 
in the cooling rate, the internal structure of the 
dendrites became much finer and the inclusions 
finer and more evenly distsibuted. Slow cooling 
rates tended to result in coarser agglomerated 
inclusions. Voids (microporosity) were evident in 
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the central portion of all the plates, and were most 
marked in an unchilled casting poured in dry sand. 
Tensile and impact properties were determined 
for various locations of quenched and tempered 
plates solidified under different thermal conditions. 
Tensile and yield strengths were essentially constant 
in all the plates, but large variations, depending 
on solidification conditions, were obtained in elong- 
ation and reduction-in-area. These variations were 
attributed to differences in microporosity, micro- 
segregation, and size and distribution of inclusions. 
The effects of extremely high solidification rates 
were studied in a brief investigation of the structure 
and properties of metal melted by arc welding and 
then allowed rapidly to resolidify. 


Influence of Small Forging Reductions on the 
Properties of Nickel-Chromium-Molybdenum Steel 


H. J. WAGNER and J. W. SPRETNAK: ‘The Effect of 
Initial Increments of Hot Working on the Mechanical 
Properties of Certain Ferrous Materials.’ 

Amer. Soc. Metals, 1959, Preprint 170; 17 pp. 


One of the methods suggested for reducing the 
intermediate operations involved in hot forging 
components of complex shape is to cast a blank 
approximating to the final shape, which would then 
be lightly forged to obtain the required mechanical 
properties. The success of this procedure would, 
however, depend on the degree to which the properties 
would be achieved by relatively small reductions, 
and the work reported by the authors was carried 
out with the aim of obtaining the relevant information. 

In studying the relationship between the forging 
ratio and the mechanical properties obtained, it 
was considered advisable to take into account the 
influence of inclusions and chemical heterogeneity. 
The tests were therefore conducted on castings pro- 
duced from two heats of iron and two heats of low- 
alloy nickel - chromium - molybdenum steel (A.1.S.1. 
4340), one heat of each material containing a high, 
the other a low, level of sulphide inclusion. 

All hot working was accomplished by slow upset 
forging in a hydraulic press. Preliminary tests 
having shown that the degree of deformation varied 
from point to point in the forging, a method of 
determining this variation was developed (and is 
described) which permitted a more accurate correl- 
ation with mechanical properties. Tensile specimens 
were removed from the forged billets in both the 
radial and axial directions. 

On the basis of the findings quoted below, the 
authors conclude that forging of rough-cast blanks 
might indeed be a practicable method of reducing 
the number of press operations involved in fabricating 
castings of normal soundness. 

‘(1) Tensile strengths of iron and A.I.S.1. 4340-type 
steel were not affected by upset forging to height 
ratios up to 2-1, implying that chemical heterogeneity 
does not influence the independence of tensile strength 
and degree of forging. 

‘(2) The tensile strength was independent of the 
degree of upset forging to height ratios up to 2-1, 








for both high- and low-sulphur contents, in both 
iron and A.LS.I. 4340 steel. 

‘(3) The minimum ductility at a particular degree 
of forging was usually in the axial direction. For 
both iron and A.I.S.1. 4340 steel, forging to a height 
ratio greater than 1-4 either lowered or had little 
effect on the ductility in the axial direction. 

‘(4) Forging to a height ratio of 2-1 resulted in a 
greater difference between ductility in the axial 
and in the radial directions than forging to a height 
ratio of only 1-4. The presence of sulphide in- 
clusions increased the degree of directionality. 

‘(5) Increased arnounts of forging showed a tendency 
toward increasing the limits of expected values of 
ductility. A minimum in the limits seemed to occur 
at a height ratio of 1-4.’ 


Control of Austenitic Grain-Size in Medium-Carbon 
and Carburising Steels 


B. L. BIGGS: ‘Austenitic Grain-Size Control of Medium 
Carbon and Carburising Steels.’ 

Jnl. Iron and Steel Inst., 1959, vol. 
pp. 361-77. 


This paper is concerned with the control of austenitic 
grain-size in heat-treated wrought steels and does 
not cover as-cast materials. 

The review is in two sections. In the first the tech- 
niques employed for grain-size control of medium- 
carbon and carburising steels produced by the 
acid open-hearth, basic open-hearth and _ basic 
electric processes are discussed, and reference is 
made to critical factors which influence the recovery 
of acid-soluble aluminium in the steel. Methods 
for rapid assessment of grain-size are considered, 
and data are presented correlating grain-size (as 
determined by the McQuaid-Ehn test) with the total 
aluminium content of basic open-hearth steel of the 
following types: En 34 (nickel-molybdenum carbur- 
ising steel), En 8M (medium-carbon free-cutting steel), 
En 18 (medium-carbon 1 per cent. chromium steel) 
and En 361 (chromium-nickel-molybdenum car- 
burising steel). Of these four steels, the En 34 grade 
is considered to be by far the most easily controlled, 
since it requires the lowest residual aluminium 
content and also attains the smallest mean grain- 
size. The curve given indicates a very slight tendency 
towards a reversion to grain coarsening when the 
total aluminium content exceeds about 0-02 per cent. 
The En 361 steel was the most difficult to control, 
and required the highest residual content. With 
suitable residual aluminium contents, however, the 
grain-size can be controlled to a fineness similar 
to that achieved with the En 8M and En 18 grades. 
A slight reversion to grain-coarsening is indicated 
when the total aluminium content exceeds about 
0-035 per cent. 

The influence, on grain-size, of the variables in- 
volved in steel-making is discussed in relation to 
data indicating the relationship between aluminium 
recovery (in steels produced by the basic electric-arc 
and basic open-hearth processes) and the amount of 
the aluminium addition, the method by which the 
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addition was made, and the carbon and silicon 
contents of the steel. A survey is made of various 
theories advanced in explanation of the mechanism 
of grain-size control, and the section ends with refer- 
ence to experimental work carried out in this con- 
nection by Hadfields, Ltd. 

The second section of the paper (the data supple- 
menting which relate mainly to steels of En 18 
grade) is concerned with the factors governing the 
incidence of ingot cracking in medium-carbon steels 
with grain-sizes controlled by aluminium additions. 
Methods of combatting the problem are discussed. 


Development, Properties and Applications of Basic 
Low-Hydrogen Electrodes 


D. C. SMITH: ‘Development, Properties and Usability 
of Low-Hydrogen Electrodes.’ 


Welding Jnl., 1959, vol. 38, Sept., pp. 377s-92s. 


Of the two types of covering which form the basis 
of those used in commercially available electrodes, the 
mineral type originated in Europe and the organic 
was developed in the U.S.A. The mineral covering 
may be sub-divided into the acid- and basic-slag 
types, and the low-hydrogen version of the latter 
type, which was developed in the U.S.A. during and 
since the end of the last war, has contributed to the 
development of electrodes capable of producing 
sound welds in high-tensile and other steels pre- 
viously regarded as difficult or impossible to weld. 
In this report, which was sponsored by the Welding 
Research Council and is based on a_ bibliography 
of 17 items, the author reviews the development, 
properties and applications of low-hydrogen elec- 
trodes, with the aim of indicating the factors which 
must be taken into account if optimum results are 
to be obtained from their use. 

Typical covering and slag compositions are tabulated 
for commercial electrodes representative of organic 
and mineral types, and, as a means of throwing light 
on the superior qualities of basic low-hydrogen 
electrodes, as compared with conventional acid-slag 
types, the author briefly discusses the function of 
an electrode covering. The development of low- 
hydrogen electrodes suitable for welding ultra-high- 
strength steels is then reviewed, in some detail, in 
sections relating to low-tensile electrodes, high- 
tensile electrodes, and the effects of adding iron 
powder to the coatings. 

The modifications in welding technique necessitated 
by use of low-hydrogen electrodes are outlined, 
and the function and control of the slags are dis- 
cussed. In subsequent sections the author’s evalu- 
ation of the properties of mild-steel, high-tensile- 
steel and ultra-high-tensile-steel low-hydrogen elec- 
trodes is supported by reference to numerous tabular 
and graphical data (much of which relates to nickel- 
chromium-molybdenum low-alloy-steel weld metal) 
and to the compositional and property requirements 
laid down in U.S. military specifications for chromium- 
molybdenum and nickel-chromium-molybdenum low- 
alloy-steel electrodes. 

The influence of hydrogen on weld-metal cracking 
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and cold cracking in the heat-affected zone is dis- 
cussed, and findings are summarised with respect 
to the detrimental effects, on the weldment, of mois- 
ture present in the covering of low-hydrogen mild- 
steel and low-alloy-steel electrodes. Reference is 
made to the care and storage of the electrodes and, 
in the final section of the paper, the author briefly 
reviews the main fields in which advantage is taken 
of their ability (a) to weld free-machining steels 
without porosity and weld cracking, (b) to weld 
severely-air-hardened steels without the formation 
of underbead cracking, even when not pre-heated, 
(c) to allow the introduction of carbon and of ferro 
alloys of silicon, manganese, chromium, vanadium, 
etc., without deleterious effects on performance 
characteristics. 





HEAT- AND CORROSION- 
RESISTING MATERIALS 


Symposium on High-Temperature Materials 


‘High-Temperature Materials.’ 

Edited by R. F. HEHEMANN and G. M. AULT. 
Published by John Wiley and Sons, Inc., New York, 
1959; Chapman and Hall, Ltd., London; 544 pp. 
Price 140/-; $17-50. 


A Symposium on recent developments in high- 
temperature materials, sponsored by the High- 
Temperature Materials Committee of the American 
Institute of Mining, Metallurgical and Petroleum 
Engineers, was held in Cleveland, April 1957. In 
view of the interest aroused by the Symposium 
it was decided to publish the proceedings in the form 
of the present book. The 34 papers are classified, 
according to subject matter, in seven sections. 
Sections I and II review the characteristics of nickel- 
and cobalt-base alloys and of cermets, and discuss 
the factors governing the performance of these 
materials at high temperatures. The refractory 
metals, which offer promise of development for 
service at temperatures above 2000°F. (1095°C.), 
are discussed in Section III, while dispersion- 
hardening and dispersion-hardened materials form 
the subjects of Section IV. Sections V, VI and 
VII are concerned with those features of gas/metal 
interactions which are of fundamental importance 
in the field of high-temperature alloys: vacuum 
melting and its beneficial effects on the properties of 
the alloys produced; the influence of environment on 
the behaviour of materials at high temperatures; and 
the oxidation-resistance of high-temperature alloys. 

The scope of the individual papers is indicated 
in the abstracts below. 


I. Cobalt- and Nickel-base Alloys 

Status and Future of Nickel-base Alloys 

F. L. VerSnyper: ‘Status and Future of Nickel-base 
Alloys’, pp. 3-15. 

The author briefly reviews the development of heat- 
resisting nickel-base alloys since the introduction of 


362 


the nickel-chromium alloy ‘Nichrome’ in 1906, 
and refers to the advances achieved by application 
of improved processing techniques, particularly 
vacuum melting and vacuum casting. Notes on 
the mechanical properties of typical nickel-base 
alloys are supplemented by data comparing the 
high-temperature properties of such alloys with those 
of various other materials, and indicating the stress- 
rupture characteristics of ‘M-252’, ‘Nimonic 80’, 
‘S-816’ and ‘Udimet 500’. Structures typical of 
those observed in nickel-base alloys are discussed, 
and particulars are given of phases identified in 
studies of the minor constituents present. Brief 
reference is made to work on the problem of inter- 
granular fracture. 


Influence of Alloying Additions on the Stress-Rupture Properties 
of Nickel-Chromium-Iron-Cobalt-base Alloys 

T. L. ROBERTSHAW: ‘Investigation of High-Temp- 
erature Properties of Nickel-base Alloys Using 
Balanced-Experiment Designs’, pp. 16-27. 


The paper has a twofold purpose: (1) to provide 
an introduction to the techniques of balanced ex- 
perimental design, as applied to the development 
of high-temperature alloys; (2) to present data on 
alloy systems (of nickel-chromium-iron-cobalt base) 
which offer promise for service at temperatures in 
the region of 1750°F. (955°C.). 

A fully documented report of the experimental 
procedures and the results obtained was given by 
SYE, ROBERTSHAW and RICHMOND in Wright Air 
Development Center Report 57-426. The scope 
of the investigation and the salient findings are 
indicated in Nickel Bulletin, 1958, vol. 31, No. 11, 
pp. 295-6. 


Suitability of ‘Guy Alloy’ for Use in Turbine Blades 


R. A. SIGNORELLI, J. R. JOHNSTON and J. W. WEETON: 
‘Evaluation of a Cast Nickel-base Alloy for Use 
as a Bucket Material at 1650°F.’, pp. 28-37. 


The authors give details of an investigation designed 
to determine the suitability of the heat-resisting casting 
alloy, ‘Guy Alloy’, for use in turbine blades. (The 
nominal composition of the alloy is given as: carbon 
0-1 max., nickel 64-70, chromium 12-15, molybdenum 
5-6, aluminium 5-5-7-0, iron 4-5, niobium 2-0, 
boron 0-5, manganese 0-5, silicon 0-5, per cent.) 

In preliminary studies, as-cast test bars were sub- 
jected to tensile tests at room temperature and to 
stress-rupture tests at 1650° and 1800°F. (900° and 
980°C.), and, with a view to throwing light on impact- 
resistance and the feasibility of using conventional 
serrated-root fastening, turbine blades were sub- 
sequently evaluated in engine tests at 1500°F. (815°C.). 
From the data so obtained the temperature for the 
main high-stress engine test, using a full wheel of 
‘Guy Alloy’ blades, was established at 1650°F. 
(900°C.). 

The main test had to be suspended after 102 hours 
because of damage to the compressor, but in that 
time no failure occurred in any of the ‘Guy Alloy’ 








blades. ‘S-816’ blades evaluated at 1500°F. (815°C.) 
in the same engine exhibited a mean rupture life 
of 200 hours. 


*W-545’: Iron-Nickel-Chromium-base High-Temperature Alloy 


J. T. BROWN and J. BULINA: ‘ ‘W-545’: A New Higher- 
Temperature Turbine Disk Alloy’, pp. 38-55. 


The paper describes (1) the research by Westinghouse 
Electric Corporation which culminated in the develop- 
ment of the  iron-nickel-chromium-base _high- 
temperature alloy “W-545’, and (2) the results of the 
test programme carried out to determine the properties 
of the alloy. The information presented is closely 
akin to that given by BROWN in Metal Progress, 
1958, vol. 74, Aug., pp. 87-90: see abstract in Nickel 
Bulletin, 1958, vol. 31, No. 12, p. 232. 

In a footnote to the paper attention is drawn to 
the improved properties exhibited by ‘W-545’ when 
produced by consumable-electrode vacuum arc 
melting with a cold-hearth mould: see, in this con- 
nection, abstract of a paper by the same authors, 
Nickel Bulletin, 1959, vol. 32, No. 11, p. 335. 


History, Status and Future of Cobalt-base Alloys 


G. A. FRITZLEN: ‘History, Status and Future of Cobalt 
Alloys’, pp. 56-80. 


The author’s main concern is with the presentation 
of data illustrating the properties offered by cobalt- 
base alloys and the fields in which the alloys find 
application. 

The paper is introduced by a historical survey 
of the evolution of cobalt alloys (from the initial 
researches of Haynes at the turn of the century to 
work in recent years), by notes on the microstructural 
features of the alloys which contribute to such 
properties as their excellent erosion- and _ heat- 
resistance, and by a discussion of the future industrial 
and military potential of the materials. In reviewing 
the properties of cobalt-base alloys the author refers 
to data indicating short-time tensile, stress-rupture, 
thermal-shock, elevated-temperature fatigue and 
impact, and compressive creep characteristics of 
such typical cobalt-base and competitive materials 
as ‘HS-21°, ‘HS-31’, “GMR-235’, ‘S-816’, ‘HS-1049’, 
*M-252’, ‘19-9 DL’, ‘Hastelloy X’, ‘Inconel 700’, 
*‘Udimet 500’, ‘Nimonic 90’, ‘Guy Alloy’. 


Properties of ‘ML-1700° Cobalt-base Casting Alloy 


R. J. MORRIS: ‘ *‘ML-1700’ Gas-Turbine Bucket Alloy’, 
pp. 81-94. 


Preliminary work carried out, by the General Electric 
Company, with the aim of developing a cast cobalt- 
base turbine-blading alloy for use at temperatures 
in the region of 1700°F. (925°C.), showed that 
modification of the carbon and boron, and elimination 
of the nickel, contents of ‘HE-1049’ alloy produced 
a material, designated ‘ML-1700°, possessing an 
optimum combination of strength and ductility. 


The present paper reviews the results of a compre- 
hensive test programme which was initiated to 
evaluate the physical and mechanical properties of 
this alloy (nominal composition: chromium 25, 
tungsten 15, carbon 0-2, boron 0-4, per cent., 
remainder cobalt). 

The influence of boron additions on the structure 
and properties of the alloy is discussed and data 
are given on stress-rupture and room- and elevated- 
temperature tensile and impact properties. A wheel 
of 96 blades was subjected to engine testing at 
1700°F. (925°C.) for 115 hours without tensile-, 
rupture- or fatigue-type failure, but creep-strength 
proved unsatisfactory. Work involving composi- 
tional modifications and use of vacuum melting and 
new casting techniques is continuing. 


Temperature Dependence of Secondary Phases in 
High-Temperature Alloys 

J. H. WESTBROOK: “Temperature Dependence of 
the Hardness of Secondary Phases Common in 
Turbine Bucket Alloys’, pp. 95-115. 


As a contribution to the understanding of the 
mechanisms by which secondary phases enhance the 
properties of high-temperature alloys, the author 
carried out experiments aimed at determining the 
temperature-dependence of the hardness of repre- 
sentative phases which have been found in various 
alloys. The scope of the investigation, which has 
been previously reported in Trans. Amer. Inst. Mining 
and Metallurgical Engineers, 1957, vol. 209, pp. 898-90, 
was indicated in Nickel Bulletin, 1957, vol. 30, 
No. 10, p. 184. 


Il. Cermets and Intermetallics 


Cermets and Bonded Hard Metals 


J. T. NORTON: ‘Cermets and Bonded Hard Metals’, 
pp. 119-24. 


The paper comprises a general review of the problems 

which have to be overcome before full advantage 
can be taken of the potential offered by cermets 
and bonded hard metals in the high-temperature 
field. Three factors ure discussed: the mechanical 
properties of the constituent elements of such 
materials, the microstructure associated with optimum 
properties, and the means available for obtaining 
such a microstructure. 


Sintered Nickel/Titanium-Carbide Compositions 


J. WAMBOLD and J. C. REDMOND: ‘Recent Develop- 
ments in Sintered Titanium-Carbide Compositions’, 
pp. 125-39. 


The paper ‘describes the methods used for elevated- 
temperature testing in tension at the Kennametal 
Laboratory, and points out some of the advances 
that have been made in (1) testing methods, (2) high- 
temperature high-strength compositions, and 
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(3) fabrication techniques pertaining to cemented 
carbide compositions’. 

Details are given of resistance-heated rupture 
specimens used for determination of high-temper- 
ature properties, and of ballistic-impact-testing 
equipment, results obtained by the latter equipment 
being correlated with those derived from standard 
Charpy impact tests. The paper also contains 
illustrations of turbine components and_ bearings 
made from sintered titanium-carbide compositions. 
Much of the data presented relate to nickel - 
containing compositions (e.g., ‘K-152B’, ‘K-162B’ 
‘K-164B’, ‘K-183A’ and ‘K-196’ grades of the 
‘Kentanium’ nickel/titanium-carbide series). 


Titanium-Carbide Compositions Infiltrated with 

High-Temperature Alloys 

H. W. LAVENDEL and C. G. GOETZEL: ‘Recent Advances 
in Infiltrated Titanium Carbides’, pp. 140-54. 


The considerable amount of work which has been 

carried out to strengthen nickel-base ‘superalloys’ 
by the introduction of a substantial quantity of 
titanium carbide has met with some success (the 
dispersion of the hardening phase being achieved 
by infiltrating the alloy into an accurately shaped 
titanium-carbide skeleton), and several grades of 
material (e.g., ‘SCA-100’) have been produced in 
the form of turbine blades and nozzle vanes. In the 
search for improved materials, the experience gained 
in developing the nickel-alloy/TiC compositions has 
now been applied to an investigation of the cobalt- 
alloy/TiC system. An indication of the results 
obtained is given in the present paper. 

The following features of the study are discussed: 
the infiltration technique, typical microstructures 
observed in the Co-alloy/TiC compositions, high- 
temperature properties and impact-resistance. 

The paper includes a description of the development 
of graded and clad cermets, as exemplified by nickel- 
alloy-infiltrated titanium-carbide compositions clad 
with a ductile nickelalloy. (A graded and clad cermet 
is one which is clad with a ductile material and in 
which the metal-binder content changes along selected 
directions so as to improve, without depreciation 
in the intrinsic strength of the core of the body, 
the ductility of surface layers, trailing and leading 
edges and airfoil tips and roots.) 


Wettability and Microstructural Studies in Liquid-Phase 

Sintering of Nickel-containing Materials 

N. M. PARIKH and M. HUMENIK: ‘Wettability and 
Microstructure Studies in Liquid-Phase Sintering’, 
pp. 155-68. 


Sintering in the presence of a liquid phase is an 
important phenomenon involved in the densification 
of a large variety of systems, including metal, ceramic 
and cermet. In this paper the author discusses the 
general theoretical principles pertaining to liquid- 
phase sintering and re-examines the ‘heavy-alloy’ 
theory (which suggests that densification, and the 
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resultant microstructures, are determined by solution 
of the solid in the liquid at sintering temperature 
and subsequent reprecipitation) in the light of data 
derived from experimental work on compacts repre- 
sentative of the following systems: WC/Cu, WC/Co, 
TiC/Ni, TiC/NiMo, Ni/Na,0-2SiO, glass, and tung- 
sten-copper. Contact angles were determined in 
wettability studies, and the microstructures of the 
compacts were examined, after sintering and cooling, 
in relation to the ‘heavy-alloy’ concept. 

The results show that although solubility of the 
solid in the liquid may be very important in controlling 
the rate of densification, and probably also the shape 
of grains, its effect on the distribution of the various 
phases present in multi-phase heterogeneous systems 
is of minor significance. They indicate also that 
the microstructures and the distribution of the 
various phases are determined primarily by the 
relative surface energies of different interfaces. 
A general concept (the ‘coalescence hypothesis’) 
is presented based on these findings. 


Fracture and Slip in Nickel-containing Cemented Carbides 


N. M. PARIKH: ‘Modes of Fracture and Slip in 
Cemented Carbides’, pp. 169-81. 


The investigation described comprised an extension 

of that referred to in the preceding abstract. Modes 
of fracture in WC/Cu, WC/Co, TiC/Ni and TiC/NiMo 
systems were studied by subjecting specimens 
produced by conventional powder-metallurgy tech- 
niques (involving sintering in the presence of a 
liquid phase) to a 100-kg. load, using a Rockwell 
hardness-testing machine. The mode of fracture 
was determined by metallographic examination. 

It is concluded from the data presented that the 
modes of fracture in cemented carbides are governed 
by the microstructures, which, in their turn, are 
influenced by relative surface energies. Systems, 
such as TiC/Ni or WC/Cu, which show partial 
wettability of the solid phase and are characterised 
by formation of coalesced carbide grains, fail by 
transgranular fracture, while systems (e.g., WC/Co 
or TiC/NiMo) which are completely dispersed 
owing to complete wettability of the solid phase 
exhibit interfacial fracture. In dispersed systems a 
critical film thickness is observed, and at this point 
the energy imparted is absorbed in the creation of 
slip bands rather than in fracture. The particle 
size of the carbide in a dispersed system was found 
to have a profound influence on the modes of fracture, 
the path of fracture changing from the binder to 
transgranular (carbide) at some particle size in the 
region of 2-4 microns. 


High-Temperature Materiais Based on Intermetallic Compounds 


R. STEINITZ: ‘Materials Based on 
Compounds’, pp. 182-9. 


Intermetallic 


The study reported was conducted to gain a pre- 
liminary assessment of the feasibility of using inter- 








metallic compounds as a basis for development of high- 
temperature alloys. For the most part only materials 
with a melting point above 1500°F. (815°C.) were 
studied, and satisfactory oxidation-resistance was 
a prerequisite for further investigation of those 
initially selected. 

The intermetallic systems discussed are those of 
transition metals with silicon or aluminium, or those 
formed between any two of the following transition 
metals (the compounds formed by which, and the 
author’s assessment of their potential, are noted 
in tabular form): nickel, cobalt, iron, manganese, 
chromium, vanadium, titanium, silicon, tantalum, 
molybdenum, niobium, zirconium. 

Special attention is devoted to the Ni-Al-Ti and 
Ni-Al systems, and, though none of the materials 
studied was found to be superior in its general 
behaviour to standard carbide or boride cermets, 
the Ni-Al-Ti system is considered worthy of further 
investigation, and the properties of some of the 
compounds (e.g., nickel aluminide and molybdenum 
disilicide) render them of interest in fields other 
than the high-temperature. 


Evaluation of Nicke!-containing Cermet Turbine Blades 


G. C. DEUTSCH: “The Use of Cermets as Gas-Turbine 
Blading’, pp. 190-204. 


The author discusses data derived from engine tests 
on cermet turbine blades in terms of the problems 
revealed by the test programme, the solutions achieved 
for some of these problems, and the problems that 
remain to be overcome. 

The blades studied were fabricated from ‘K-152B’ 
‘a composition of titanium-carbide base containing 
30 wt. per cent. of nickel and 8 wt. per cent. of a 
solid solution of niobium, tantalum and titanium 
carbides). In both of the engines used for the tests 
the blades were subjected to an operating temper- 
ature of I500°F. (815°C.). In one, however, the 
stress to which the blades were exposed (21,000 p.s.i.; 
9-5 t.s.i.; 15 kg./mm.?) was about one-third higher 
than in the other. Blade design and the evaluation 
procedure used are outlined and details are given 
of the results obtained. 

On the basis of strength alone cermets are considered 
to offer promise of satisfactory service in turbines 
operating at increased temperatures. Lack of 
ductility and poor impact-resistance are major 
problems yet to te overcome. 


Ill. Refractory Metals 


Developments in Chromium-base Alloys 


R. W. FOUNTAIN and M. KORCHYNSKY: ‘Chromium- 
base Alloys for High-Temperature Applications’, 
pp. 207-28. 


The aim of the paper (which is based on a biblio- 
graphy of 52 items) is to review the salient develop- 
ments in the study of chromium and chromium- 
base alloys and to indicate the approaches to the 


problem of evolving chromium-base high-temperature 
alloys which promise most success. 

The problems involved, and the work carried out 
in an attempt to overcome them, are outlined in the 
introductory sections of the paper. On the basis 
of the work described, the major obstacle appears 
to be the lack of ductility exhibited by chromium- 
base alloys: it has not been found possible to hot 
work those with the highest creep-resistance, and 
all the alloys are brittle at room temperature. On 
the assumption therefore that an increase in the 
ductility of chromium per se would result in a 
corresponding increase in the ductility of its alloys, 
considerable research has been conducted on the 
preparation of high-purity chromium and deter- 
mination of its properties. This work and its main 
results are considered, and in a subsequent section 
reference is made to investigations of the effects, 
on the room-temperature ductility of chromium, 
of the following impurities or alloying additions: 
oxygen, carbon, nitrogen, cerium, aluminium, copper 
nickel, cobalt, manganese, iron, silicon, tungsten. 
On the basis of the relatively few studies reported, 
the authors’ main conclusion is that ‘the successful 
solution of the chromium-purification problem 
has not fully substantiated the original expectations 
that higher purity would result in adequate ductility 
of chromium metal and, consequently, of chromium- 
base alloys. The tensile ductility of chromium 
has been improved remarkably, and the temperature 
of transition from ductile to brittle fracture sub- 
stantially lowered. The overall ductility of the 
purest chromium available still remains below the 
level generaily required for engineering purposes. 
In the field of chromium-rich alloys the effect of 
enhanced purity on room-temperature ductility and 
hot workability is even less marked’. Additional 
research might, it is considered, however, provide 
more encouraging results. 


Influence of Alloying Additions on the Transition Temperature 
of Chromium 


E. P. ABRAHAMSON and N. J. GRANT: ‘Transition 
Temperatures of Chromium and Chromium-base 
Alloys’, pp. 229-42. 


Details are given of work carried out to investigate 
the feasibility of using a simple deoxidation and 
denitrogenation addition to produce ductile chromium. 
The suitability of the following additions was studied: 
boron, beryllium, carbon, calcium, cerium, niobium, 
aluminium, silicon, titanium and zirconium. Trans- 
ition temperatures were determined by means of a 
bend test. 


Molybdenum, {ts Alloys and Its Protection 
J. J. HARWOOD and M. SEMCHYSHEN: ‘Molybdenum, 
Its Alloys and Its Protection’, pp. 243-72. 


The authors review the current state of development 
of molybdenum and its alloys in relation to the use 
of the materials in high-temperature applications , 
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The sections comprising the review are concerned 
with discussion of : data relating to the physical 
and mechanical properties of molybdenum; the 
solubility in molybdenum of alloying elements 
(nickel, silicon, cobalt, aluminium, iron) and their 
effect on rupture-strength, hardness and work- 
ability; recrystallisation behaviour; tensile properties; 
transition-temperature characteristics; creep-rupture 
properties; molybdenum-rhenium alloys; protection 
of molybdenum from oxidation at high temperatures 
(mainly by application of various types of nickel- 
containing coating); and weldability. 


Properties of Molybdenum-Alloy Turbine Blades 


R. G. FRANK: ‘Properties of Molybdenum-Alloy 
Turbine Buckets’, pp. 273-91. 


Summary of data derived from tests on specimens 
cut from turbine blades fabricated from a molyb- 
denum alloy containing 0-5 per cent. titanium. 
Forging procedures are also described. 

The data presented cover tensile, stress-rupture, 
impact, hardness and recrystallisation characteristics. 


Processing and Properties of Molybdenum-base Alloys 


T. K. REDDEN: ‘Processing and Properties of Selected 
Experimental Molybdenum-base Alloys’, pp. 292-305. 


Review of work which the General Electric Company 
has carried out on _ processing of zirconium-, 
titanium-, vanadium- and tantalum-containing alloys. 
Data on the tensile and rupture properties of each 
of the alloys studied are included in the paper. 


Properties of Tungsten, Tantalum, Niobium and Rhenium 


J. W. PUGH: ‘Refractory Metals: Tungsten, Tantalum, 
Columbium and Rhenium’, pp. 306-18. 


Data available on the properties of the refractory 
metals tungsten, tantalum, niobium, and rhenium 
are reviewed in a general assessment of the suitability 
of the four materials for use in high-temperature 
applications. 


IV. Strengthening by Dispersion of Insoluble Particles 


Factors Involved in Dispersion Hardening 


F. V. LENEL: ‘Oktservation of SAP and Present Theories 
for Its Remarkable High-Temperature Strength’, 
pp. 321-31. 


The author discusses, mainly in terms of data 
reported for ‘SAP’, the factors involved in optimum 
dispersion-hardening. Reference is, however, made 
also to work on dispersion-hardened nickel, copper 
and molybdenum. 
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Dispersion Hardening of Titanium 


R. W. JECH, A. D. SCHWOPE and E. P. WEBER: ‘The 
Development of SAP-type Structures in Titanium 
for Elevated-Temperature Service by Powder- 
Metallurgical Techniques’, pp. 332-41. 


Report of work by Clevite Research Center on the 
development of dispersion-hardened titanium alloys. 


V. Vacuum Melting and Its Effects on Properties 


Effects of Vacuum Melting on Cast Nickel-base Alloys 


C. M. HAMMOND and R. A. FLINN: ‘Effects of Vacuum 
Melting on Gas Content and Metal Structure of 
Cast Nickel-base Alloys’, pp. 345-63. 


In an attempt to throw light on the factors underlying 
the variations in properties which have been reported 
in materials produced by vacuum-melting techniques, 
the authors examine the reactions involved in 
vacuum melting and then illustrate, by reference to 
experimental data, the effects of these reactions on 
the structure and high-temperature properties of 
vacuum-melted nickel-base alloys. The effects of 
vacuum melting are manifested in two fields: 
(1) control of gas content (melt/atmosphere reactions, 
deoxidation practice, gas evaluation on solidification); 
(2) control of non-gaseous minor elements (removal 
by distillation, reduction of trace elements from 
crucible materials). The thermochemistry involved 
in these two fields is reviewed, and this theoretical 
outline is then used as a basis for discussion of 
experimental data available on specimens of ‘Guy 
Alloy’, ‘Inco 700’ and ‘GMR-235’ melted in air, 
in vacuo or under an argon atmosphere. 


That part of the work dealing with the stress-rupture 

properties of the three alloys has been previously 
described in Jn/. Metals, 1956, vol. 8, Oct., Sect. 1, 
pp. 1450-6, and the relevant abstract in Nickel 
Bulletin, 1957, vol. 30, No. 1-2, pp. 18-19 gives 
particulars of compositions and reproduces tables 
comparing the properties of specimens produced 
by the three melting techniques. In the present 
paper the emphasis is on the relative efficacy of 
vacuum melting in controlling gas content (principally 
nitrogen), and on the elimination of trace elements. 
The nitrogen content of ‘Guy Alloy’ is correlated 
with elongation data at high temperatures, and 
photomicrographs are presented illustrating the 
cracking behaviour of the alloys at high nitrogen 
contents. 


Evaluation of Nickel-base Alloys Melted and Investment-Cast 
in Vacuo 


P. W. BEAMER and J. J. EISENHAUER: ‘Evaluation of 
Vacuum-Melted Vacuum-Investment-Cast Nickel- 
base Alloys’, pp. 364-77. 


The investigation described was carried out in the 
light of the success attained in the relatively wide- 
spread application of vacuum-melting techniques 








to the production of wrought nickel-base heat- 
resisting alloys, and was intended to determine the 
feasibility of extending the scope of such techniques 
to the production of investment-cast turbine com- 
ponents. Three nickel-base alloys, ‘Waspaloy’, 
‘Udimet 500° and ‘Inco 713’, were selected for study, 
on the assumption that, with minor modifications 
in composition, they might be rendered suitable for 
investment casting, and that their stress-rupture 
properties might equal or exceed those of the wrought 
materials. 

Test bars were vacuum-investment-cast from master 
heats, the compositions of which were within the 
normal compositional specifications and therefore 
representative of commercially available grades. 
The heats of ‘Waspaloy and ‘Udimet 500’ were 
vacuum-melted, but an air-melted heat was the 
only large master heat available for ‘Inco 713’. 
Specimens of the latter alloy were tested in the as- 
cast condition and those of the other alloys were 
solution-treated and aged before testing. Stress- 
rupture tests were carried out at 1500°, 1600° and 
1700°F. (815°, 870° and 925°C.) and tensile tests 
at room temperature, 1100°, 1200° and 1500°F. (595°, 
650° and 815°C.). To compare the advantages 
of vacuum- and inert-atmosphere melting and 
casting, tests were also made on ‘Waspaloy’ specimens 
melted and cast, from the same master heat, under 
an argon atmosphere. Particulars are given of 
melting and casting procedures and of the degree 
to which the composition of the master heat was 
eprroduced after remelting. 

From the data presented the authors conclude 
that the stress-rupture properties obtained by 
vacuum investment casting are equal to, or better 
than, those obtained for similar alloys using con- 
ventional techniques; that ductility is improved 
as a result of vacuum investment casting; and that 
the use of large heats of alloy previously melted 
in vacuo does not significantly lower or affect the 
level of properties. 


Consumable-Electrode Vacuum Melting of Nickel-base 
High-Temperature Alloys 

R. K. PITLER, E. E. REYNOLDS and Ww. W. DYRKACZ: 
‘Consumable-Electrode Vacuum Remelting of High- 
Temperature Alloys’, pp. 378-87. 


The paper reports the successful application of 
consumable-electrode vacuum melting to the pro- 
duction of ‘Waspaloy’, ‘M-252’, ‘A-286’, and 
‘Multimet N-155’. The advantages of this melting 
technique are discussed in relation to: the lower 
gas content of the alloys and their freedom from 
inclusions; the improvements in forgeability resulting 
from higher cleanliness and elimination of segre- 
gation; the ability of vacuum melting, due to the 
associated rapid cooling rate which minimises 
segregation and refines the ingot structure, to produce 
larger-size ingots than has been hitherto possible 
with highly-alloyed materials; improvements in 
mechanical properties (mainly room-temperature 
and elevated-temperature ductility and fatigue- 
strength) which render possible modifications in 


alloying and heat-treatment which, in their turn, 
result in even higher strengths without deleterious 
effects on ductility; better uniformity of structure 


and improved response to working and _heat- 
treatment, resulting in less scatter in property 
values. 


Influence of Crucible Materials on Vacuum-Melted Nickel-base 
Alloys 

R. F. DECKER, J. P. ROWE and J. W. FREEMAN: ‘Relations 
of High-Temperature Properties of a Nickel-base 
Precipitation-Hardening Alloy to Contamination 
by Crucibles’, pp. 388-406. 


During experiments made to study the effects 
of melting-practice variables on the high-temperature 
properties of a nickel-chromium-cobalt-base alloy 
a relationship (associated with zirconium and boron 
pick-up and the subject of the present paper) was 
established between the type of refractory used in 
induction-melting and the high-temperature proper- 
ties of the material. 

The information contained in the paper has been 
previously reported in Nat. Advisory Committee 


for Aeronautics, Technical Note 4049: see abstract 


in Nickel Bulletin, 1957, vol. 30, No. 10, p. 183. 
See also abstract on p. 370. 


Effects of Vacuum Melting on the High-Temperature Properties 
of Nickel-base Alloys 


F. M. RICHMOND: ‘The Effect of Vacuum Melting on 
the High-Temperature Properties of Nickel-base 
Superalloys’, pp. 407-26. 


In this review the author draws attention to data 
illustrating the improvements in properties obtained 
in nickel-base high-temperature alloys by use of 
vacuum melting and by complementary modifications 
in the composition of alloys produced by the tech- 
nique. It is emphasised that the primary role of 
the vacuum-melting process is to lower the gas 
content of the alloys and to eliminate the need for a 
slag blanket, and that the improvements in high- 
temperature properties of nickel-base alloys are not 
attributable solely to the process per se. The elimin- 
ation of manganese and silicon has contributed 
to increased ductility, and small additions of boron 
and zirconium (see previous abstract) have had 
a considerable beneficial effect on rupture life. 
These compositional modifications have been utilised 
simultaneously with vacuum-melting techniques, and 
it is difficult to separate the effects of the two factors, 
but data exemplifying the effects of boron and 
zirconium on vacuum-melted alloys are presented. 

Since the installation of a 1000-lb.-capacity vacuum- 
induction furnace at Universal Cyclops Steel Cor- 
poration, stress-rupture and tensile tests have been 
made on various vacuum-melted nickel-base high- 
temperature alloys. The major part of the present 
paper is devoted to the presentation and discussion 
of the results of such tests on the cobalt-nickel- 
chromium alloy ‘J-1570’ and the nickel-chromium- 
(cobalt)-base alloys ‘GMR-235’, ‘Udimet 500’, 
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*‘M-252’ and ‘Waspaloy’. All the heats studied 
contained boron (and, in the case of ‘J-1570’, ‘Udimet 
500’ and ‘M-252’, zirconium) additions. Particulars 
of heat-treatment are given. Tensile and rupture 
strengths are plotted parametrically and, where 
available, comparative data on air-melted heats of 
the same grades of alloy are incorporated in the 
plots. Diagrams illustrate (1) the effects, on the 
tensile and rupture properties of ‘Waspaloy’ and 
*‘M-252’, of vacuum melting and compositional 
modifications, and (2) the effects, on a commercial 
alloy at constant test temperature and stress, of 
melting practice, composition, solution-treatment 
and fabrication practice. 


VI. Effect of Testing Environment on Properties 


Influence of Environment on the Creep Properties of Nickel 

and Nickel-base Alloys 

D. A. DOUGLAS: ‘The Effect of Environment on High- 
Temperature Creep Properties of Metals and Alloys’, 
pp. 429-47. 


A review of all the research carried out to determine 
the effect of environment on the creep properties 
of metals and alloys is difficult to present in compact 
form, particularly in view of the fact that industrial 
work in this connection has related to specific 
problems. In this paper, therefore, the author refers 
only to data reported in the literature which illustrate 
the effects of the following types of environment: 
oxidising, neutral or inert, reducing, corrosive, 
and nitriding. 

The data discussed relate mainly to tests on nickel 
and ‘Inconel’. The major points arising from con- 
sideration of the effects of the different environments 
are that metals which do not form protective oxide 
films are stronger in neutral or reducing environments 
than in air; low-melting volatile oxides can attack 
oxidation-resisting alloys; some high-temperature 
alloys exhibit an increase in creep-strength in air, 
compared with that exhibited in inert or reducing 
atmospheres; hydrogen may have deleterious effects 
on some materials at high temperatures; liquid 
metals affect strength properties in proportion to 
the rate and depth of the corrosive attack; and 
‘Inconel’ nitrides at 1500°F. (815°C.) in molecular 
nitrogen, resulting in a distribution of nitride particles 
which significantly improves creep-strength. 

In the author’s discussion of these findings particular 
attention is paid to the theoretical significance of 
those indicating the beneficial effect, on creep pro- 
perties, of the presence of oxide and other surface 
films. A survey of the literature is considered to 
justify the following generalisations: (1) When 
transgranular slip is making the least contribution 
to the overall deformation process, nickel and 
‘Inconel’ appear to be the most sensitive to the effects 
of surface conditions. (2) The strengthening effect 
of the oxide film is most pronounced when there is 
a large surface-area/volume ratio, or when the grain- 
size is large in relation to the cross-section of the 
specimen. (3) It is unlikely that these results can 
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be attributed to changes in grain-boundary com- 
position, since ceramic coatings have similar effects 
to those of oxide films. (4) Cracking behaviour is 
a related and not a controlling factor. (5) It is 
most unlikely that the strength of the surface film 
is sufficient to support the direct tensile load necessary 
to produce the changes observed. 


Creep-Rupture Properties of Nickel in Air and in Vacuo 


P. SHAHINIAN and M. R. ACHTER: ‘A Comparison of 
the Creep-Rupture Properties of Nickel in Air 
and in Vacuum’, pp. 448-65. 


The information presented is similar to that reported 

by the authors in U.S. Naval Research Laboratory 
Report 5036: see abstract in Nickel Bulletin, 1958, 
vol. 31, No. 6, pp. 157-8. 


Influence of Sodium Hydroxide, Air and Argon on the Stress- 
Rupture Properties of Nickel 


H. T. MCHENRY and H. B. PROBST: ‘Effect of Environ- 
ments of Sodium Hydroxide, Air, and Argon on 
the Stress-Rupture Properties of Nickel at 1500°F.’, 
pp. 466-85. 


See abstract (in Nickel Bulletin, 1959, vol. 31, 
No. 6, pp. 173-4) of Nat. Advisory Committee for 
Aeronautics, Technical Note 3987, in which the 
investigation described was previously reported. 


Creep-Rupture Properties of Molybdenum Alloys in Helium and 
in Vacuo 

D. D. LAWTHERS and M. J. MANJOINE: ‘The Effect 
of Testing Atmospheres on the Creep-Rupture 
Properties of Molybdenum-base Alloys at 1800°F.’, 
pp. 486-97. 


The paper presents data on the creep-rupture 
properties of molybdenum alloys (containing niobium, 
titanium or zirconium) tested in vacuo or in an atmo- 
sphere of helium. 


VII. Oxidation Resistance 


Influence of Alloying Additions on the Oxidation-Resistance of 
Chromium 


E. P. ABRAHAMSON and N. J. 
Resistance 
pp. 501-9. 


The investigation reported was carried out to de- 
termine the influence, on the oxidation-resistance 
of hydrogen-purified electrolytic chromium, of 
alloying additions of up to 40 at. per cent. of the 
following elements: niobium, cobalt, iron, iridium, 
manganese, molybdenum, nickel, palladium, platinum, 
rhenium, rhodium, ruthenium, tantalum, titanium, 
vanadium, zirconium. The respective binary alloys 
were melted in an argon atmosphere, and test speci- 
mens were exposed to flowing air for 96 hours at 


GRANT: ‘Oxidation- 
of Binary Chromium-base Alloys’, 








1800°F. (980°C.). In the paper, oxidation-resistance 
is plotted, as a function of alloy content, in terms 
of weight-gain, using the nickel-chromium alloy 
‘Nichrome’ as a standard of comparison. Identifi- 
cation of the oxides present in the oxide films was 
carried out by X-ray techniques. 

With the exception of iridium, all the transition 
elements investigated caused an initial increase in 
the oxidation-resistance of chromium. This in- 
crease, which occurred with fractions of an atom 
per cent. of solute additions, was reflected in an oxid- 
ation-resistance three to fifteen times higher than 
that of pure chromium. (The oxidation rate of the 
most resistant alloy studied, a 70-30 chromium- 
palladium alloy, was, however, still three times 
that of ‘Nichrome’.) Oxidation-resistance increased 
as intermetallic compositions were approached or 
reached. In the four binary systems (Cr-Ta, Cr-Ti, 
Cr-Mo, Cr-Ni) selected for study of the influence 
of oxidation on nitrogen solution, a rapid initial 
increase was noted in the nitrogen content of the 
specimens with initial solute additions. 


Oxidation of Tungsten and Molybdenum 


J. W. SEMMEL: “The Oxidation of Tungsten and Molyb- 
denum from 1800° to 2500°F.’, pp. 510-19. 


The relative oxidation-resistance of the two metals 
was determined by tests in which specimens were 
exposed to flowing air at temperatures in the range 
1800°-2500°F. (980°-1370°C.). 


Film Formation and Oxide Growth on Nickel-containing 
Gas-Turbine Alloys 

J. F. RADAVICH: ‘High-Temperature Oxidation of 
Gas-Turbine Alloys’, pp. 520-37. 


Previous work on high-temperature alloys had 
shown that there are essentially two types of oxide 
growth: one occurs (e.g., on stainless steels) by the 
formation of a thin film, on top of which oxide 
nodules nucleate and grow; the other (found, for 
example, on the alloys ‘N-155’ and ‘Hastelloy C’) 
occurs in the form of a thin uniform oxide film. 
The study now reported was carried out to determine 
the effects of molybdenum, cobalt and tungsten 
on film formation and oxide-scale growth on an iron- 
base alloy containing 20 per cent. each of chromium 
and nickel. The influence of the individual elements 
was evaluated singly in alloys containing 5 per cent. 
of the respective addition, but, in one case, a com- 
bined addition of 5 per cent. cobalt and 5 per cent. 
molybdenum was made to the basis composition. 
All the alloys were oxidised for 5 and 15 minutes at 
800°C. and for 10 hours at 1000°C., and comparative 
tests were made on the nickel-base turbine alloys 
‘Inconel’, ‘Inco 702’ and ‘Udimet 500’. The oxide 
film formed at 800°C., and the scale formed at 
1000°C., were studied by means of optical microscopy, 
electron microscopy, reflection electron diffraction, 
electron diffraction in transmission, X-ray diffraction 


and X-ray fluorescence analysis. Photomicrographs 
illustrating the oxidation effects observed are included 
in the paper. 


The author’s summary of the findings of the in- 
vestigation is quoted below: 

‘1. Additions of molybdenum suppress the form- 
ation of oxide nodules, and a spinel-type structure 
rather than a rhombohedral phase dominates the 
oxide-film structure. The molybdenum addition 
causes the oxide film to blister as it is cooled. Since 
lower-temperature studies of these same alloys do 
not show the blistering effect, it is felt that the volatile 
molybdenum oxide is formed at this high temperature 
and causes the blistering. 

‘2. Additions of cobalt do not change the mode 
of the oxide film growth; adherence of the oxide 
scale is increased. 

‘3. The combined effect of molybdenum and 
cobalt appears to be the same as that of molybdenum 
only. The oxide film blisters, the oxide nodules 
are suppressed, and a spinel-type structure is formed. 

‘4. The main effect of the addition of tungsten is 
to cause severe blistering of the oxide film and spalling 
of the oxide scale. The character of the growth 
of the oxide film is somewhat changed, but nodules 
are still present. 

‘The films on the ‘Inconel’, ‘Inco 702’ and ‘Udimet 
500° alloys are composed of small crystals, are very 
adherent, and grow in an oriented way. The orient- 
ation persists through the oxidation times used in 
this study, and the crystal size increases. The oxide 
film on the ‘Inconel’ grows thicker than that on either 
the ‘Inco 702’ or ‘Udimet 500’. 

‘At 1000°C. additions of cobalt and molybdenum 
improve oxide adherence. 

‘The results of the studies of the interface of the 
oxide film and oxide scale showed that the oxide 
film is made up of at least three layers. The most 
interesting and unusual layer has a glassy nature, 
probably amorphous silica or silicate, which plays 
an important rdle in the adherence of the scales 
and may have a direct effect on the attack rate. 

‘The high-temperature oxidation-resistance of the 
high-nickel alloys appears to be related to (1) the 
oriented oxide growth of the initial film, (2) excellent 
adherence of the oxide scale, and (3) the presence 
of the Cr,O; in the scale. In the more complex 
alloys, ‘Inco 702’ and ‘Udimet 500’, interfacial 
layers of NiO and «AI,O;, respectively, are detected 
in addition to Cr,O, and spinel phases, and may play 
an important role in resistance to oxidation.’ 


Spectral Emittance of ‘Inconel’ and Austenitic 
Stainless Steel 


J. C. RICHMOND and J. E. STEWART: ‘Spectral Emittance 
of Uncoated and Ceramic-Coated ‘Inconel’ and 
Type 321 Stainless Steel.’ 

Nat. Aeronautics and Space Administration, 
Memorandum 4-9-59W, April 1959; 30 pp. 

The investigation reported was carried out to 
obtain spectral emittance curves for two materials 
of interest as materials of construction for aircraft 
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and missiles operating at hypersonic speeds: the 
nickel-chromium-base high-temperature alloy ‘In- 
conel’, and a titanium-stabilised 18-8-type chromium- 
nickel stainless steel (A.I.S.I. Type 321). 

The normal spectral emittance of the two materials 
was measured, at 900°, 1200°, 1500° and 1800°F. 
(480°, 650°, 815° and 980°C.), over the wavelength 
range 1-5-15 microns. The influence of the following 
surface treatments was evaluated: electropolishing; 
sandblasting; electropolishing or sandblasting follow- 
ed by oxidation in air for } hour at 1800°F. (980°C.); 
application of two types of ceramic coating. 


The normal spectral emittance of both alloys 
in the electropolished condition was low, and de- 
creased only slightly with increase in the wavelength; 
that of the sand-blasted specimens was somewhat 
higher and did not vary appreciably with wave- 
length. In the case of the electropolished-and- 
sand-blasted stainless-steel and the electropolished 
‘Inconel’ specimens, oxidation treatment greatly 
increased normal spectral emittance (introducing 
some spectral selectivity into the curves), but the 
same treatment resulted in only a moderate increase 
in that of the sand-blasted ‘Inconel’ specimens. 
The coated specimens of ‘Inconel’ exhibited a higher 
spectral emittance at all wavelengths than the corres- 
ponding stainless-steel specimens. 

The normal spectral emittance of all the specimens 
measured tended, at all wavelengths, to increase with 
rise in temperature. 


Fatigue-Strength of Heat-Resisting Alloys at 
Elevated Temperatures 


M. HEMPEL: ‘Fatigue Tests on Heat-Resisting Alloys 
in the Temperature Range 800°-1000°C.’ 


Stahl u. Eisen, 1959, vol. 79, Oct. 15, pp. 1501-5. 


In this commentary-review of recent literature on 
the fatigue-strength of heat-resisting alloys in the 
temperature range 800°-1000°C., the author attempts 
a consolidation of the reported data in terms of 
notch effects, the interpretation and presentation 
of such data, and the relationship between fatigue- 
strength and time and temperature of testing and 
the type and condition of the alloy tested. 

The review is based on a bibliography of twenty- 
seven items. The data discussed relate, inter alia, 
to ‘S-590’, ‘S-816’, ‘G-18B’, ‘Multimet N-155’, 
‘Vitallium’, ‘Refractaloy 26’, ‘G-32’, ‘Haynes Stellite 
31’, and alloys of the ‘Nimonic’ series. 


Influence of Boron and Zirconium Additions on the 
Properties of a Nickel-base Heat-Resisting Alloy 

R. F. DECKER, J. P. ROWE and J. W. FREEMAN: “Boron 
and Zirconium from Crucible Refractories in a 
Complex Heat-Resistant Alloy.’ 

Nat. Advisory Committee for Aeronautics, Report 
1392, 1958; 38 pp. 

The report summarises work arising from the dis- 
covery of the improvements in creep-rupture properties 
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which resulted from the introduction (via the crucible 
refractory during induction vacuum melting) of 
trace amounts of boron and zirconium into an alloy 
of the following composition: nickel 55, chromium 20, 
cobalt 15, molybdenum 4, titanium 3, aluminium 3, 
per cent. It supersedes and consolidates N.A.C.A. 
Technical Notes 4049 and 4286, abstracts of which 
appeared in Nickel Bulletin, 1957, vol. 30, No. 10, 
p. 183; 1959, voi. 32, No. 1, pp. 16-17. 


Influence of Directional Grain Structures on the 
Creep-Rupture Properties of a 
Cast Nickel-base Alloy 


F. L. VerSNyDeR and R. W. GUARD: ‘Directional 
Grain Structures for High-Temperature Strength.’ 
Amer. Soc. Metals, 1959, Preprint 168; 9 pp. 


The deformation and fracture characteristics of 
metals and alloys at elevated temperatures are known 
to be influenced by the nature and behaviour of 
their grain boundaries, and it is usually observed 
that fracture propagates along the grain boundary. 
The present paper records the results of research 
aimed at determining the feasibility of minimising 
susceptibility to intergranular fracture by producing 
in the material a directional structure with grain 
boundaries oriented parallel to the stress axis. 

The material chosen for study was a_nickel- 
chromium-aluminium alloy (nominal composition: 
nickel 75-5, chromium 21, aluminium 3-5, per cent.) 
which previous work had shown to exhibit low tensile 
and rupture ductility and a high susceptibility to 
intercrystalline cracking. The procedures used to 
obtain a columnar grain structure in the cast ingot 
are described. To provide a basis for comparison, an 
ingot with an equiaxed structure was also produced, 
and the creep-rupture properties of the two castings 
were determined, as a function of grain-boundary 
direction, on specimens cut from the ingots in a 
longitudinal, transverse and oblique direction. 

The test results indicate the considerable increase 
in high-temperature ductility and creep-rupture 
strength associated in the alloy with columnar 
grains extending parallel to the applied stress. 
Ductility was four to ten times higher than that 
obtained with an equiaxed structure, and rupture 
strength was increased by 15-20 per cent. The 
directional structure inhibits the normal intergranular- 
fracture mode, and hence the fracture becomes 
predominantly transgranular, a basic principle which 
it is considered could be applied to any material 
whose strength is limited by a tendency to inter- 
granular fracture. 

The experiments on specimens exhibiting various 
orientations of the columnar grain axis with respect 
to the stress axis indicated that the improvement 
in properties is related to the directionality of the 
grain boundary itself and not to the preferred orient- 
ation of the grains or to the preference for certain 
boundary orientations. This finding was confirmed 
by the observation that the factors primarily affected 
were fracture behaviour and ductility, and that creep 
behaviour was unaffected at small strains. 








Creep Properties of Molybdenum-containing 
Austenitic Steels 


H. W. KIRKBY: ‘Creep Properties of Two Molybdenum- 
bearing Austenitic Steels.’ 


Alloy Metals Review, 1959, vol. 9, June, pp. 2-7. 


In view of cracking troubles encountered in the 
use of welded chromium-nickel-niobium austenitic 
steel of 18-12-1 type in steam-power plant, increasing 
interest is being shown in the high-temperature 
properties of the molybdenum-containing austenitic 
steels. The creep properties of steels of 18-12-1 
type are fairly well established, but little data are 
available on the creep behaviour of the niobium- 
stabilised and unstabilised molybdenum-containing 
grades (references to relevant literature are given in 
the paper). The work now reported was carried 
out to obtain creep data on two such molybdenum- 
bearing steels, one similar to Type 316 of the A.I.S.I. 
series, the other based on the 18/12/1 grade (see 
composition below). 





Steel Cc Cr Ni Mo Nb 
‘RV. 555 «=. | O-} 16 103 2} = 
max 
FEV. S48" 5. | Ont 16 12 13 10xC 
max 


























Test pieces were cut, tangentially to the wall thick- 
ness, from steampipe produced by hot-piercing 
methods, and creep-ductility was compared with 
that of similar specimens of 18-12-INb steel. In 
the case of the ‘F.V. 555’ steel some results are re- 
ported also for specimens obtained from a forged 
tube billet. Creep-rupture data derived from weld 
deposits, produced using a molybdenum-bearing 
18-8-type electrode (‘Armex GT’), are compared 
with data derived from tests on austenitic weld de- 
posits of niobium-bearing molybdenum-free type. 
Heat-treatments (particulars of which are given) 
were selected with a view to obtaining the optimum 
combination of creep-strength and creep-ductility. 
Creep-rupture tests were carried out at 650° and 
700°C. 

The data presented indicate that the creep- 
resistance (particularly creep-ductility) of the molyb- 
denum-bearing austenitic steels is superior to that 
of 18-12-Nb steel, the highest creep-ductility 
being exhibited by the ‘F.V. 555” steel. Of the two 
molybdenum-bearing steels, the niobium-stabilised 
‘FV. 548’ grade exhibited the higher creep-strength, 
but creep-ductility was somewhat inferior to that 
of the unstabilised steel. Rupture curves derived 
from tests at 700°C. indicate that the rupture- 
strengths of the two steels at 100,000 hours may 
not differ as much as might be expected on the 
basis of rupture-strengths at 10,000 hours. 


The author considers that the rupture data obtained 

for ‘F.V. 555’ provide some justification for the 
American decision to raise the working stresses 
specified for Type 316 steel, though further testing 
is required for confirmation of this assumption. 
Data (not presented in the present paper) give 
some reason for believing that the creep-ductility 
of the molybdenum-bearing steels is very much 
less sensitive to the effects of high-temperature 
solution-treatment than that of the standard 
18-12-1Nb steel. 

The results of tests on weld deposits give further 
evidence of the superior creep-ductility of the molyb- 
denum-bearing, vis-d-vis that of the molybdenum- 
free, steels. 


High-Temperature Compressive Strength of Stainless- 
Steel Sandwich Structures 


E. E. MATHAUSER and R. A. PRIDE: ‘Compressive Strength 
of Stainless-Steel Sandwiches at Elevated Temper- 
atures.” 

Nat. Aeronautics and Space Administration, 
Memorandum 6-2-S9L, June 1959; 50 pp. 


The advantages of high-strength, stiffness and light 
weight offered by sandwich construction, properties 
which are prerequisites for aeronautical structures 
fabricated from heat-resisting stainless steels, have 
focused attention on two types of current interest: 
the honeycomb core and the corrugated core. Little 
data are available, however, on the strength of either 
type at temperatures higher than those at which 
adhesive bonding becomes unsuitable, and the present 
study was initiated with the aim of obtaining the 
required information, for the range 80°-1200°F. 
(25°-650°C.), by tests on resistance-welded single- 
and double-corrugated cores and brazed hexagonal- 
and square-cell honeycomb cores. Single-cored 
sandwich specimens of the former type were fabricated 
from ‘17-7 P.H.’ precipitation-hardenable chromium- 
nickel steel, and 18-8-type stainless steel was 
used for the double-cored specimens; all of the 
honeycomb-core specimens were produced from 
‘17-7 P.H.’ steel. 

The specimens were tested in axial compression, 
without side support, to determine the maximum 
or crippling strengths and modes of failure. The 
experimental data obtained are compared in the 
report with data predicted by methods described. 
Crippling strengths were predicted from the calculated 
maximum strength of the individual plate elements 
of the sandwiches, and from a correlation procedure 
which permitted calculation of the elevated-temper- 
ature crippling strength from experimental data on 
room-temperature crippling strengths. 

The crippling strengths and modes of failure pre- 
dicted for the corrugated sandwiches were found, 
in general, to be in good agreement with the experi- 
mental data, but the strengths predicted for the 
honeycomb-core specimens showed only fair agree- 
ment with the experimental results. Photographs 
showing the modes of failure of some of the tested 
specimens are included in the report. 
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Evaluation of Austenitic-Steel Superheater Tubing 
After Long-Time Exposure to Steam at High 
Temperatures 


C. L. CLARK, J. J. B. RUTHERFORD, A. B. WILDER and 
M. A. CORDOVI: ‘Metallurgical Evaluation of Super- 
heater-Tube Alloys after Six-Months’ Exposure at 
Temperatures of 1100° to 1500°F.’ 
Amer. Soc. Mechanical Engineers, 
59-Pwr-1; 33 pp. 


The research programme to which the paper relates 
was initiated, by the Research Committee on High- 
Temperature Steam Generation of the American 
Society of Mechanical Engineers, to evaluate the 
performance characteristics of selected austenitic 
and ferritic steels and alloys when exposed, in the 
form of tubing, to pressurised steam at high temp- 
eratures for periods of up to 36 months. Resistance 
to creep, corrosion and thermal shock, metallurgical 
stability, and the effects of oxide films on thermal 
conductivity were among the factors investigated. 

The materials selected for evaluation are listed below: 


1959, Preprint 


Ferritic Steels Austenitic Materials 


Cr-Mo-V Type 304 (18-8) steel 

2} Cr-1 Mo Type 347 (Nb-stabilised 
18-8) steel 

5 Cr-Mo-Ti Type 321 (Ti-stabilised 
18-8) steel 


2+ Cr-1 Mo (welded) Type 316 (16-13-Mo) steel 


5 Cr-Mo Type 310 (25-20) steel 
9 Cr-Mo 16 Cr-25 Ni-6 Mo 

5 Cr-Mo (welded) 17 Cr-14 Ni-Cu-Mo 

3 Cr-1 Mo 15 Cr-15 Ni-+ nitrogen 
5 Cr-Mo-Si ‘Inconel’ 

5 Cr-Mo-Ti (welded) ‘Incoloy’ 


The tests are being carried out in five test rigs: 
the two containing the ferritic steels are operated 
at 1100° and 1200°F. (595° and 650°C.); the remaining 
three, containing the austenitic tubes, operate at 
1200°, 1350° and 1500°F. (650°, 735° and 815°C.). 
The steam pressure is, in each case, 2000 p.s.i. 
The outer surface of the test tubes, which are 2 in. 
(5 cm.) in outer diameter, 42 in. (105 cm.) long, and 
have a wall thickness of $ in. (1-25 cm.), is exposed 
to air, and there is no temperature gradient across 
the tube wall. 

After the first six months operation, a third of the 
tubes were removed from each unit and their 
dimensions and metallurgical characteristics (room- 
and high-temperature tensile and impact properties, 
hardness, flattening characteristics, and macro- and 
microstructural features) were compared with those 
determined for similar tubing which had not under- 
gone testing. The data obtained for each of the 
materials studied are tabulated in detail in the 
paper, and discussion of the metallographic findings 
is supplemented by photomicrographs. The authors’ 
conclusions are quoted below: 


‘1. Visual examination indicated differences in the 
appearance of the scale on the outside surface of 
the ferritic tubes after exposure at 1100° and 1200°F. 
(595° and 650°C.), but microexamination indicated 


372 


relatively slight differences in the amount of actual 
attack, especially at 1100°F. At 1200°F. the measured 
depth of scale for these steels varied from 0-010 to 
0-017 in. (0-025 to 0-425 mm.), with 9 Cr-1Mo 
showing the least, and 2} Cr-1 Mo the greatest, 
amount of scaling. At both temperatures the scale 
thickness on the ID was comparable to that on the 
OD. This is in agreement with the known effect 
of increasing chromium content in improving the 
resistance to scaling in both air and steam, especially 
at temperatures in excess of 1100°F. (595°C.). 


‘2. With the austenitic steels the scale on the OD 
was slight at each of the three temperatures. While 
visual appearance of the ID indicated little attack, 
certain of the tubes, especially 15-ISN at 1350° 
and 1500°F. (735° and 815°C.), contained several 
inches of flaky scale, thus indicating appreciable 
attack by the steam. 


‘3. The mechanical properties of the ferritic steels 

were not appreciably changed during exposure at 
1100° and 1200°F. (595° and 650°C.). The same 
was also true of the austenitic steels with respect 
to their tensile and yield-strength values. However, 
with certain of the austenitic steels, a marked de- 
crease occurred in the room-temperature ductility 
and impact properties as a result of exposure at 
the elevated temperatures. The steels undergoing 
the greatest changes were 16-25-6, Type 310, 
15-15N, and 17-14-Cu-Mo. 


‘4. A definite correlation was not found to exist 
between the high-temperature rupture properties 
and the degree of bulging or, in the case of the 
tubes that have ruptured, in the rupture time. 


‘5. To date, failures have occurred in the 1500°F. 
tests of Type 347 and 310 and the remaining tubes 
of these analyses were removed because of excessive 
bulging. ‘Incoloy’ and ‘Inconel’ alloys were also 
removed because of excessive bulging. One tube 
of Type 321 and 17-14-Cu-Mo have likewise failed, 
but the two remaining tubes of each of these analyses 
are still under test. 


‘6. All of the austenitic tubes that failed in the 
1500°F. test unit showed a marked nitrogen pick-up 
on the surface, and this probably accounted for some, 
at least, of the shallow OD cracking visible on the 
macro sections. The question exists whether this 
same condition would occur in combustion gases. 

‘These conclusions apply only to the given test 
conditions. With higher rates of steam flow through 
the tubes, or with combustion gases on the outside 
of the tubes, different results may have been obtained.’ 


Use of ‘Inconel 713C’ for Hot Dies in 
Press Forging 

‘Hot Dies Aid Forging.’ 

Steel, 1959, vol. 145, Oct. 5, pp. 92-3. 

A hot blank forged by a cold die loses heat so 
rapidly that, within seconds, the production of thin 
sections and adequate penetration of the metal 
into deep die cavities are rendered impossible. 








The difficulty encountered in removing the cooled 
part from the die necessitates use of a greatly ex- 
aggerated draft or edge angle, and the cost of machin- 
ing involved in finishing the component often exceeds 
that of forging. In this short article details are 
given of a hot-die technique, developed by the 
Armour Research Foundation, Illinois Institute of 
Technology, Chicago, which, it is claimed, produces 
a rough forging approaching the dimensions of the 
finished part, and hence, drastically reduces the 
amount of machining needed and minimises the 
number of dies required in the sequence. 

The research workers, faced with the problem of 
producing a die which would not deform when heated 
at 1600°F. (870°C.) to press a stainless-steel blank 
at 2200°F. (1205°C.), selected for investigation 
‘Inconel 713C’* (and another alloy which subse- 
quently failed) as possessing the required compressive 
yield strength and oxidation-resistance. The alloy 
was cast by a technique involving use of a mouldable 
graphite mixture, and the dies so produced are 
stated to have forged thin and intricate components, 
at temperatures up to 1600°F. (870°C.) and pressures 
up to 80,000 p.s.i. (35-5 t.s.i. ; 56 kg./mm.?), with 
a precision considerably higher than that produced 
by standard methods. 

The dies are assembled from four cast layers, the 
second of which contains the ‘Calrod’ heating units 
which maintain the temperature at 1600°F. (870°C.). 
The lubricant developed for use with the dies, 
comprising a mixture of graphite and potassium 
iodide, is applied to the die in powder form. When 
heated, the salt melts and then becomes a carrier 
for the graphite. 


Surface Treatments for Hot-Work Dies 


‘Plate Life Into Your Dies: 
Down Premature Failures.’ 


Iron Age, 1959, vol. 184, Aug. 27, pp. 86-8. 


Dies used in the hot-working of heat-resisting alloys 
(e.g., in heavy forging, hot heading, press forming, 
stretch forming, hot drawing and extrusion) are 
subjected to temperatures ranging from 500° to 
1200°F. (260° to 650°C.). Cheapness, satisfactory heat 
conductivity, machinability, oxidation-resistance, 
abrasion-resistance and adequate ductility are pre- 
requisites for materials used in such applications, 
and efforts have been made to obtain the desired 
combination of properties either in the development 
of alloy die steels or by coating the surface of the 
basis metal with suitably resistant materials. Two 
such surface treatments, both developed by Todco, 
California, are described in the article. 

One, designated ‘Pyro-Plate’ and claimed to have 
increased the life of dies by at least 25 per cent., 
and, in certain cases, by as much as 85 per cent., 
involves coating the die surface with a _nickel- 


New Process Cuts 





* A casting alloy of the following composition: chromium 11-14, 
aluminium 5 - 5-6-5, iron 5 max., molybdenum 3-5-—5-5, niobium/ 
tantalum 1-3, manganese 1-0 max., titanium 0-25-1-25, silicon 
1-0 max., carbon 0:2 max., sulphur 0-015 max., per cent., re- 
mainder nickel. 


containing composition which when heated forms 
an alloy at the basis-metal/coating interface. The 
nickel coating so obtained is adherent, sufficiently 
ductile to permit some flexibility of the die surface, 
highly resistant to oxidation and corrosion, and may 
be precipitation-hardened to Rc 65-68. The nickel 
is claimed moreover to provide maximum resistance 
to intergranular oxidation by infiltrating the die 
substrate along the grain boundaries. 

The second coating process, ‘Pyro-Tung’, confers 
on the basis metal an abrasion-resistance stated to 
be far superior to that of a hardened steel. The 
‘Pyro-Tung’ coating, containing up to 80 wt. per 
cent. of crystalline tungsten carbide, may be pre- 
cipitation-hardened to Rc 68-70, and the wear-resist- 
ance so obtained is supplemented by oxidation- 
resistance provided by the nickel comprising the 
remainder of the coating. 

Being of paint-like consistency, both coatings may 
be applied to ferrous materials by brushing, dipping 
or spraying. The ‘Pyro-Plate’ coating is heated, 
in a reducing atmosphere, to a minimum temperature 
of 1650°F. (900°C.) and the ‘Pyro-Tung’ toa minimum 
temperature of 2050°F. (1120°C.). Cooling to 
below 600°F. (315°C.), in the same atmosphere, 
completes the process. 

The successful application of the two techniques 
to dies used by the Thermo-Form Company, Inc., 
and the Southern Bolt and Screw Company is 
described. Plough-steel dies coated by the ‘Pyro- 
Plate’ process are stated to be about a quarter of 
the cost of stainless-steel dies, and to have operated 
for over 1000 hours at 1000°F. (540°C.) with no sign 
of surface oxidation. 


Press Forging of Cast ‘17-4 P.H.’ and 18-8-type 
Stainless Steels 


P. GOUWENS, T. WATMOUGH and J. BERRY: ‘Application 
of Press-Forged Castings.’ 


Modern Castings, 1959, vol. 36, Oct., pp. 47-54. 


The work described was carried out to evaluate 
the potential of a duplex process developed as a 
means of modifying the mechanical properties of 
high-strength cast materials so as to combine the 
economic advantages offered by casting methods 
with the technical benefits of cold-working. 

The first stage in the process entails the production, 
by conventional quality foundry techniques, of a 
casting of such dimensions that subsequent deform- 
ation by forging will result in a finished part of correct 
shape and size (i.e., a casting corresponding, in 
forging parlance, to the last-stage forging blank). 
The casting is then austenitised or solution-treated 
prior to press forging. Forging is carried out 
isothermally at temperatures which will beneficially 
influence certain structural factors (e.g., orientation, 
size and distribution of martensite and precipitation- 
hardening nuclei), but below those at which recrys- 
tallisation occurs. Specific advantages obtainable 
by the process are: (1) Higher ultimate tensile 
strengths (up to ultra-high strength levels), compared 
with those of heat-treated castings of the same 
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composition. (2) Corresponding increases in yield 
and proof strength, with less loss of ductility than 
that usually associated with strengthening by heat- 
treatment alone. (3) Relative freedom from the 
marked directionality effects exhibited by most 
forgings. (4) Higher resistance to impact and 
fatigue at normal temperatures. (5) Lower lead 
time and costs for short-run or prototype parts 
than are associated with forgings. 

In the present paper the techniques and problems 
involved in the process are discussed in relation to 
data derived from its application to the fabrication 
of ‘17-4 P.H.’ and 18-8 (Type 347) chromium-nickel 
Stainless steels. 


Machining of ‘Nimonic’ Alloys and 
Ultra-High-Tensile Steels 


G. A. STREETS: ‘Machining Nimonic.’ 
Machinery (Lond.), 1959, vol. 95, Sept. 30, pp. 633-8. 


The machining of ultra-high-tensile steels and the 
heat-resisting nickel-base alloys involves problems 
which, due to the density and highly abrasive charac- 
teristics of both materials, their extreme resistance 
to the cutting action, and their tendency to work- 
harden, are very similar. Certain differences exist, 
however, and it is emphasised that, though the in- 
formation presented in this article is generally 
applicable to the ultra-high-tensile steels, the data 
and comments relate specifically to the ‘Nimonic’ 
series of alloys. 

One of the most common methods of machining 
these materials is by milling, the practical aspects 
of which are outlined in sections concerned with 
the selection of tool materials, the use of appropriate 
tool geometry, choice and use of the most suitable 
cutting fluid, cutting methods, and milling speeds 
and feeds (milling speeds are given for the 75, 80, 
80A, 90, 95, 100 and 105 grades of the ‘Nimonic’ 
series). Optimum procedures for grinding, broaching 
and drilling the ‘Nimonics’ are discussed (with data 
on broaching speeds and chip loads), and the article 
includes brief notes on spark erosion, electro- 
polishing and bench work. 


Effects of Radiation on the Properties of Ferrous 
Materials 


1). E. THOMAS: ‘Radiation Damage in Ferrous Metals. 
Jnl. of Metals, 1959, vol. 11, Aug., pp. 523-7. 


In this review the author makes no attempt to present 
an exhaustive recapitulation of the literature: his 
aim is rather to give, by selection of illustrative data, 
an overall picture of the behaviour of iron and steel 
under radiation. 

The literature reviewed (relating to mechanisms 
of radiation damage, and to radiation damage in 
iron, carbon steel and stainless steels) leads the 
author to the following conclusions: 

‘In ferrous materials, as in other metals and alloys, 
irradiation increases strength and decreases ductility. 
In general, the yield stress is increased proportionately 
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more than the ultimate stress, accompanied by a 
reduced strain-hardening capacity and decreased 
uniform elongation. In the stainless steels there 
appears to be no cause for alarm, in that the property 
changes generally appear to saturate at a total ex- 
posure of 10'° or 107° nvt. In the carbon steels, the 
rise in ductile-brittle transition temperature and the 
loss of elongation and reduction-in-area are of con- 
cern, and further work in extending the data to higher 
neutron exposures, particularly at elevated irradiation 
temperatures, is required in order to provide a basis 
for the use of these steels in the more severe 
applications. 

‘There is an absence of in-pile creep data for steels. 
However, this does not appear to pose a problem 
since in-pile creep studies on several other materials 
indicate that the creep rate is reduced, as might be 
anticipated from the general nature of the effects 
on strength properties. 

‘Irradiation-induced structural changes in steels 
have received little attention thus far. Structural 
effects observed in non-ferrous systems and in 
fissionable materials strongly suggest that such effects 
might be found in ferrous materials, particularly in 
those which are irradiated in a non-equilibrium 
condition at the temperature of irradiation.’ 


Factors Influencing Stress-Corrosion Cracking of 
Stainless Steel 


W. B. BROOKS: ‘Stress-Corrosion Cracking of 
Austenitic Stainless Steels.’ 

Corrosion, 1959, vol. 15, Sept., pp. 103, 106, 108, 
110. 


The author, after reviewing, in the introduction to the 
paper, the characteristic features of, and the factors 
which contribute to, stress-corrosion cracking of 
18-8-type chromium-nickel austenitic steels, explores 
various approaches to the problem which might form 
a basis for preventive action or fruitful research. 

In a discussion of the design of heat-exchanger 
equipment for use with chloride-containing waters, 
attention is drawn to the advantages of tube-side 
rather than shell-side cooling, to the necessity of 
eliminating any possibility of stagnation, and to the 
reduced risk of cracking associated with operating 
conditions which result in full water boxes. Water 
velocities should be maintained at a minimum of 
5 ft./sec. (1-5 m./sec.), while insulation containing 
chlorides should be protected from moisture, and the 
temperature of the water should be as low as possible. 
Satisfactory aeration is essential, and recirculating 
water should contain no chromates or other oxidising 
compounds. The pH of the environment, though 
not critical, is nevertheless important. Reference 
is made also to cases of stress-corrosion cracking 
which originated in intergranular corrosion of the 
steel. 

In the second part of the paper, which is concerned 
with the theoretical aspects of stress corrosion, the 
author considers the rdles played by plastic deform- 
ation, hydrogen, the composition of the steel, and 
the behaviour of the surface film. Alloying additions 














of nickel are considered to increase resistance to 
stress-corrosion cracking, and are suggested as 
an avenue of fruitful investigation. The nature of 
the corrosion phenomenon (involving such complex 
factors as film formation, adsorption effects, and 
electrical double layers) are mentioned as _ fields 
in which study should also prove rewarding. 


Inhibition of Chloride Stress Corrosion of Stainless 
Steel 


J. H. PHILLIPS and w. J. SINGLEY: ‘Screening Tests 
of Inhibitors to Prevent Chloride Stress Corrosion.’ 


Corrosion, 1959, voi. 15, Sept., pp. 450t-4t. 


The advent of pressurised-water nuclear power 
plant has resulted in intensified research to develop 
some means of preventing the occurrence of stress 
corrosion in the numerous austenitic stainless-steel 
equipment exposed to the hot chloride-containing 
water. The work now described was initiated to 
determine the feasibility of achieving this aim by 
modification of the water environment, and, in 
particular, to discover an inhibitor or water treatment 
which would prevent stress corrosion of a niobium- 
stabilised 18-8-type chromium-nickel stainless steel 
(A.L.S.1. Type 347). 

The programme involved three phases: 


(1) Screening tests on inhibitors selected from the 
following groups: oxygen scavengers; complexing 
agents; film-forming and neutralising compounds; 
additives known to inhibit localised corrosion; 
additives intended to minimise general corrosion. 
(2) An extensive evaluation, under various test 
conditions, of inhibitors selected for further investig- 
ation on the basis of the results obtained in phase (1). 
The variables studied included the chloride concen- 
tration (which ranged from 50-500 p.p.m.), the phos- 
phate concentration (100-300 p.p.m.), the pH (which 
was varied in the range 10-6-11-2), the oxygen con- 
tent of the environment, and the concentration and 
combination of the inhibiting additions. 


(3) The relative efficacy of the most promising — 


inhibitors was assessed by tests conducted in model 
boilers. The results of this phase of the study 
will be published on completion of the work involved. 


U-specimens of the steel were exposed to each 
of the test environments, at SOO°F. (260°C.), in a 
tilting autoclave which was cycled between an 
upright and inverted position once every 5 minutes 
for 24 hours. After exposure the specimens were 
examined metallographically for signs of stress- 
corrosion cracking and to assess the efficacy of the 
inhibitors. 


The results of phases (1) and (2) are considered to 
warrant the following conclusions: 

‘1. Sodium nitrate appears to inhibit chloride stress- 
corrosion attack of Type 347 stainless steel, in tilting 
autoclave tests, if the mole ratio of nitrate to chloride 
used is at least unity and the pH of the solution 
containing chloride is higher than about 10-5. 

‘2. Chloride stress-corrosion attack of austenitic 
stainless steel can be prevented, at least in tilting 


autoclave tests, by exclusion of oxygen. If properly 
applied, sodium sulphite can be employed as the 
oxygen-scavenging agent. 

‘3. Combination of sulphite and nitrate appears 
superior to either inhibitor alone, at least under the 
conditions of the tilting autoclave test. 

‘4. Sodium nitrate and sodium sulphite should be 
investigated further in model-boiler tests for applic- 


ation in prevention of chloride stress-corrosion 
attack in austenitic stainless-steel-tubed steam 
generators. 


‘Although the work reported in this article is limited 

to Phases 1 and 2 of the inhibitor programme, it 
is considered important to report that in three 
shell-and-tube model-boiler tests (Phase 3) with 
sodium nitrate, cracking has been found on Type 347 
stainless tubing in all boilers in the tube-to-tube 
sheet crevice area. The apparent discrepancy 
between model-boiler test results and tilting-autoclave 
test results with nitrate has not been resolved. 
Additional model-boiler tests are now in progress, 
or contemplated, to investigate sodium sulphite 
and the combination of sodium sulphite and sodium 
nitrate.’ 


Corrosion-Resistance of Nickel-containing 
Aluminium Alloys 


W. E. TRAGERT: ‘The Diffusion of Corrosion Hydrogen 
in Aluminium Alloys.’ 

Jnl. Electrochemical Soc., 
pp. 903-4. 


It has been proposed (see, for example, reference to 
papers by DRALEY and RUTHER in Nickel Bulletin, 
vol. 29) that the resistance of an aluminium alloy 
containing | per cent. nickel (“X-8001’) to catastro- 
phic corrosion in high-temperature water is due to the 
presence, at the surface of the alloy, of Al,Ni particles 
which function as cathodic sites for evolution of 
corrosion-product hydrogen and _ hence inhibit 
penetration of hydrogen into the aluminium. The 
experiments described were designed to determine 
the validity of this hypothesis. 

Cans, fabricated from an aluminium alloy (alumin- 
ium 99-45 min. per cent.) and ‘X-8001’ and containing 
distilled water, were sealed, and heated in an auto- 
clave to 300°C. The autoclave atmosphere was 
then analysed for water and hydrogen. The data 
obtained indicated that corrosion hydrogen diffused 
through both alloys. Alloy ‘X-8001’ was relatively 
uncorroded, whereas the nickel-free alloy was 
extensively oxidised: according to the galvanic- 
protection hypothesis, the proton flux should have 
produced accelerated oxidation of both alloys. 
The author therefore concludes that the second- 
phase particles in alloy ‘X-8001’, rather than function- 
ing as local cathodes, serve, on oxidation, to alter 
the nature of the corrosion-product film and render 
it less permeable to the diffusing reactants. Although 
the concentration of hydrogen in the oxide film 
and basis metal may exert an influence on the 
reaction kinetics, this effect is considered of secondary 
importance relative to the rate-controlling mechanism. 


1959, vol. 106, Oct., 
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Polishing and Buffing of Nickel-containing Materials 


L. F. SPENCER: ‘Fundamental Considerations in 
Polishing and Buffing.’ 


Metal Finishing, 1959, vol. 57, Sept., pp. 60-7. 


In this review the author is concerned with the 
economic and technical considerations involved in 
the selection of a particular polishing and buffing 
technique for production of a desired surface finish 
(i.e., a lustrous, satin, matt or scratch-brush finish) 
on materials of commercial interest. 

The ingredients of the polishing or buffing compound, 
including both the binder and abrasive employed, 
are important factors, while the effect of a particular 
abrasive binder is usually governed by the method 
used to apply it to the wheel, by the rate of drying 
and by the adhesion obtained. The influence of the 
type, size and speed of the wheel is indicated by the 
fact that as many as fourteen finishes can be produced 
by varying these variables (the types of wheel available 
include felt, walrus-hide, pocketed, sewed-muslin, 
loose-muslin, packed-loose-muslin, and string). The 
optimum pressure for a specific combination of buffing 
or polishing conditions can be determined only 
by experimentation. In the first part of the article 
each of these factors is discussed in general terms in 
sections relating to polishing and buffing operations. 
The finishing procedure used for a specific metallic 
material will depend on the type of metal in question, 
the degree to which it has been formed prior to 
finishing and the forming method used, the condition 
of the surface, and the finish required. In the second 
part of the article the author suggests procedures 
suitable for use with aluminium and aluminium-base 
alloys, magnesium alloys, copper and copper-base 
alloys, nickel and nickel-base alloys, stainless steels 
and electroplated materials. 


Welding of ‘Nimonic’ Alloys 


R. LEVICK and P. A. MORGAN: ‘Welding ‘Nimonic’ 
Heat-Resisting Alloys for Gas-Turbine Assemblies.’ 


HENRY WIGGIN AND CO., LTD., Pub/n. 1122, Nov. 
1959; 19 pp. 


Reprint from Aircraft Production, 1959, vol. 21, 
July, pp. 251-7: see abstract in Nickel Bulletin, 1959, 
vol. 32, No. 7, p. 237. 


Welding of ‘Hastelloy B’, ‘Hastelloy N’ (“(INOR 8’) 
and ‘Hastelloy W’ 


G. M. SLAUGHTER, P. PATRIARCA and R. E. CLAUSING: 
‘Welding of Nickel-Molybdenum Alloys.’ 


Welding Jnl., 1959, vol. 38, Oct., pp. 393s-400s. 


In view of their strength and excellent resistance to 
corrosion by fused salts at service temperatures in 
the range 1200°-1300°F. (650°-705°C.), nickel- 
molybdenum-base alloys have been evaluated at the 
Oak Ridge National Laboratory in relation to their 
possible use as structural materials in nuclear- 
reactor systems utilising molten fluoride salts as 
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fluid fuels. Work on ‘Hastelloy B’ and ‘Hastelloy 
W’ revealed, however, that age-hardening in the 
relevant temperature range caused significant em- 
brittlement, and that oxidation-resistance was in- 
adequate (see abstract of report by KENNEDY and 
DOUGLAS in Nickel Bulletin, 1959, vol. 32, No. 9-10, 
pp. 295-6). Subsequently an extensive programme 
carried out to develop a non-age-hardenable high- 
strength nickel-molybdenum alloy with the necessary 
corrosion- and oxidation-resistance resulted in the 
development of ‘INOR 8’, now commercially avail- 
able as ‘Hastelloy N’ (see abstracts in Nickel Bulletin, 
1959, vol. 32, No. 3, pp. 85-6; ibid., No. 6, p. 186). 
The work now reported was initiated to study the 
weldability of ‘Hastelloy B’, ‘Hastelloy W’ and 
‘INOR 8’. 

Tensile, hardness and metallographic specimens 
were machined from weld metal deposited in the 
grooves of test plates. To study the ageing charac- 
teristics of ‘Hastelloy B’ and ‘Hastelloy C’ weld 
metal, a correlation was made between the room- 
temperature hardness and the microstructures result- 
ing from ageing for various times at various temp- 
eratures. Welds of ‘INOR-8’ were included in this 
study for comparative purposes. Tensile properties 
were determined at room-temperature and 1200°F. 
(650°C.), using specimens in the as-welded and 
welded-and-aged conditions. Welding and testing 
procedures are described and data obtained from the 
test programme are summarised in graphical form. 

The authors’ findings are quoted below: 


‘1. The commercially available nickel-molybdenum 

‘Hastelloy Alloy B’ and the nickel-molybdenum- 
chromium alloy ‘Hastelloy Alloy W’ are readily 
weldable by the inert-gas-shielded tungsten-arc 
process and exhibit no difficulties with regard to 
cracking and porosity. The room- and elevated- 
temperature properties of weld metal in the as- 
welded condition are adequate for molten-salt 
reactor service. 


‘2. Hardness studies indicate that ‘Hastelloy 
Alloy B’ weldments (weld metal and base - metal 
plate) are subject to significant age-hardening during 
service in the temperature range 1100°-1500°F. 
(595°-815°C.), with the greatest hardening noted 
at 1300°F. (70S°C.). The effect of ageing at 1200°F. 
(650°C.) was studied extensively and was found to 
increase the room- and elevated-temperature tensile 
strength of weld metal, while severely decreasing the 
ductility. 


‘3. An increased hardening in the base metal of 
‘Hastelloy Alloy B’ weldments adjacent to the 
weld was attributed to the influence of residual 
stresses from the welding operation. 


‘4. The precipitate observed in ‘Hastelloy Alloy B’ 
welds and base plate after ageing at 1300°F. (705°C.) 
and below has been tentatively identified as the 
beta phase of the binary nickel-molybdenum phase 
diagram, while that at 1500°F. (815°C.) has been 
tentatively identified as the gamma phase. 


‘5. ‘Hastelloy Alloy W’ weld metal is also subject 
to age-hardening at elevated temperatures, but to 





a lesser extent at 1200°F. (650°C.) than ‘Hastelloy 
Alloy B’. Age-hardening raises its room- and 
elevated-temperature tensile strength and decreases 
its ductility significantly. The hardening at 1200°F. 
(650°C.) is attributed to a submicroscopic precipitate. 


‘6. A non-age-hardenable _ nickel-molybdenum- 
chromium alloy, which was developed by the O.R.N.L. 
Metallurgy Division and designated as ‘INOR-8’, 
is readily weldable. The weld metal possesses 
acceptable mechanical properties at room temp- 
erature and at 1200°F. (650°C.). This alloy is now 
commercially available.’ 


Fusion Welding of Precipitation-Hardening Stainless 
Steels 


R. MEREDITH: ‘Fusion Welding Precipitation-Harden- 
ing Steels.’ 

Welding Jnl., 1959, vol. 38, Oct., pp. 963-8. 

In this article the author gives details of the pro- 


cedures employed, by the Missile Division of North 
American Aviation, to fusion weld ‘17-7 P.H.’ stain- 


less-steel sheet and ‘17-4 P.H.’ fittings used in the 
fabrication of large liquid-tight missile assemblies. 


The size of the assemblies and the thin-gauge 
material used precluded the possibility of heat- 
treatment after fabrication, and the ‘17-7 P.H.’ 
material was therefore welded in the hardened 
condition (particulars of heat-treatment are given). 
The article includes notes on the preliminary tests 
which were carried out to determine welding tech- 
niques and the welding characteristics of the two 
materials. Curves are presented summarising the 
design criteria established for welded joints and 
indicating the strength of offset welds and the in- 
fluence of grinding on weld strength. The results 
of design experiments in which pressure vessels 
welded from ‘17-7 P.H.’ steel were tested to destruc- 
tion are noted, and brief particulars are given of 
the automatic welding and other equipment used 
in fabricating the components. 


From the point of view of weldability the precipit- 

ation-hardenable materials are considered to be 
superior to the high-strength steels previously 
used in aeronautical structural applications. 


Binders bearing the date 195- and suitable for 1959 Nickel Bulletins are now available. 
We shall be pleased to send one free of charge. 


Attention is drawn to the fact that many of the names of materials mentioned in The Nickel Bulletin are Registered Trade Marks. 
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Techniques 73,177, 281 
Sulphate-Oxalate Electrolytes 75 
Structure of Electrodeposited Nickel 75, 282, 353 


Distribution of Deposits : Effect of Base {2 
Plating of Titanium, Zirconium, Niobium, 
Tantalum, Molybdenum, Tungsten 
Resistance of Coatings to Detergents 94 
Sulphamate Solutions 107, 108, 141 
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Bright Nickel Plating: Influence of Age of Electrolyte 140 
Nickel Plating of High-Strength Steel: 
See CONSTRUCTIONAL STEELS: Properties 


Purity of Water used for Electrolytes 144 
Nickel and Nickel/Chromium Underlays to 

Evaporated Aluminium Films 147 
Handbook on Nickel Plating 174 
Co-deposition of Nickel and Hydrogen 174, 214 
Sulphur in Electrodeposited Nickel 177 
Fundamental Research in Nickel Plating 211 
Plating of Thorium 211 
Magnesium-Salt Additions to Electrolytes 212 
Nickel Undercoat in Gold-Plating of Molybdenum 215 
Engineering Applications of Nickel Plating 215 
Nickel-plated Leads for Electron Tubes 246 
History of Nickel Plating 250 
Pyrophosphate Electrolytes 251 
Automatic Addition of Chemicals to Electrolytes 281 
Roughness in Deposits 282, 354 
Orientation of Deposits: Influence of Chloride 282 
Plating of Magnesium Alloys 283 


Coatings on Molybdenum 297, 336. 365 
(See also 215) 
Deposits from High-Chloride Solutions 322 
Fatty-Acid Films on Basis Metal 323 
Hardness of Deposits: Influence of Wetting Agents 323 


Chlorides, Copper, Calcium and Iron: 


Influence on Deposits 354 
Manganese: Influence on Deposits 355 
General 


Plating of High-Strength Steels: see 
CONSTRUCTIONAL STEELS, Properties 


Stripping Electrodeposited Coating 43 
Electrodeposition of Palladium and Platinum 140 
Iron and Chromium Deposits on Copper Single 
Crystals 143 
Electrodeposition of Rhodium 144 
Silver Anodes 144 
Handbook on Nickel Plating 174 
Automatic Addition of Chemicals to Electrolytes 281 
Polishing and Buffing Methods 376 


Other Coating Methods 


(See also HEAT- AND CORROSION-RESISTING 
MATERIALS: Clad, Faced and Lined Materials) 


‘Composite Electrochemical Materials’: 


Carbide/Metal Composites 10 
Evaporated Nickel-Chromium Films 11 
‘Kraq-o-lite’ (Silicated-Nickel) Process 41, 110 
Electroless Plating 

Properties and Uses of ‘Kanigen’ Plating 78 

Appraisal of Process 78 

Plating of Carbon 144 

Handbook on Nickel Plating 174 

Addition of Metal Salts to Solutions y) 9 

Undercoatings for Cadmium Plating of 

Stainless Steel 273 

Nickel-Phosphorus Alloy for Brazing 

Stainless Steel 275 
Ceramic Coatings on Nickel-Chromium Alloys 115 
Enamelling: Effect of Nickel Flash 109 
Anodizing of Aluminium 140 
Deposition of Nickel via the Carbonyl 141, 252 
Paint and Plastic Coatings 144, 302 
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Nickel and Nickel/Chromium Underlays 147 
Protective Coatings on Molybdenum: see HEAT- AND 
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Coating of Stainless Steel to Enhance Wear- 

Resistance in Nitrogen 301 
Coatings to Resist Atmospheric Corrosion: Review 303 


Specifications and Testing 


A.S.T.M. Specifications for Electrodeposited Coatings 40 
Accelerated vs. Weathering Tests 
43, 109, 146, 251, 302, 323, 350 
Thickness of Coatings: Specifications and Tests 
43, 79, 177, 213, 214. 251, 302, 350, 351 


Nickel Salts for Plating: D.I.N. Specification 73 
Porosity: Methods of Measuring 108, 143, 282, 283, 323 
Optical Examination of Surfaces and Films 143, 144 
Reactions during Chemical Polishing: 

Methods of Study 144 
Nickel/Chromium Coatings: Dutch Specification 174 
Brenner and Senderoff Contractometer: 

Modified Form 214 
Nickel-plated Leads for Electron Tubes: 

Specification 246 
B.S. Specifications for Electrodeposited Nickel 

and Chromium 350 
B.N.F. Plating Gauge SD 


NON-FERROUS ALLOYS 


(See also HEAT- AND CORROSION-RESISTING 
MATERIALS) 


Analysis 
(See also NICKEL: Analysis and Determination) 


Gravimetric Separation of Copper, Nickel and Zinc 6 


Analysis of Brasses and Bronzes 80, 180 

= ,, Alloys used Nuclear-Power Plant 138 
Nickel-Gold Alloys: Determination of Nickel 172 
Corrosion Products on Copper Alloys: 

Identification 195 
Spectrophotometric Determination of Cobalt, 

Nickel and Copper 211 
Copper-Nickel Alloys: Photometric Determination 

of Nickel 250 


Composition, Constitution and Structure 


Grain Size: Significance. Determination 1 
Diffusion in Alloys 4, 37, 138, 253 
Nickel-Manganese Alloys: 


Effect of Deformation on Structure 11 
Ti,Ni: Compositional Range 13 (see also 110, 185) 
Nickel Alloys for Alloying in Steel 48 
(Cobalt)-Nickel-Chromium Alloys: 

Structure/Magnetic Properties 80 
Nickel-Titanium and Nickel-Titanium-Carbon 

Alloys 110, 185 


Nickel-Cobalt-base Alloys of High Damping 


Capacity M7227 
Nickel-Aluminium Bronze for Propellers 148 
Wrought Cupro-Nickels: Data Sheet 177 
Structure of Metals: Monograph 209 
Nickel-Copper-Germanium Alloys 216 
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Ternary Carbides of Nickel with Germanium and 
Indium 216 
Precipitation from Solid Solution: Symposium 245 
Solubility of Nickel in Beryllium 279 


Copper-Nickel-Manganese Constitutional Diagram 283 
Copper-Beryllium Alloys: Effect of Other Elements 325 


Nickel-Cobalt Alloy: Recrystallization of 325 
Copper-Nickel Alloys: Heats of Formation 325 
Nickel-containing Gunmetals: 356 
Nickel-Tin Bronze Alloys 356 
Influence of Lead in Bronzes and Gunmetals 356 
Plating 


(See also HEAT- AND CORROSION-RESISTING 
MATERIALS: Clad, Faced and Lined Materials) 


Molybdenum: See HEAT- AND CORROSION- 
RESISTING MATERIALS: Properties 


Of Zinc-base Alloys 9, 40, 251, 350 
», Copper-base Alloys 40, 350 
», Magnesium Alloys 283 


Powder Production, Properties and Uses 


Production of Structural Parts by Powder Metallurgy: 
Symposium 

Sintering of Tungsten: Influence of Nickel Addition 247 

Sintered Nickel Silver Components 326 


Production and Processing 


Zinc-base Die Castings: Polishing 9 
(see also 40, 350) 
Bright Annealing: Furnaces and Atmospheres 71 
Processing of Monel Roofing 111,181 
Vacuum-Induction Melting: See HEAT AND 

_ CORROSION-RESISTING MATERIALS: Production 


Nickel-Aluminium-Bronze Propellers 148 
Zone Refining 169 
Wrought Cupro-Nickels: Data Sheet 177 
Machining Nickel Alloys 181 
Fabrication of Nickel-Alloy Tube and Pipe 181 
Pickling and Acid Dipping 216 
Cold-Drawing and Annealing: Influence on Rigidity 246 
Nickel Silver Spectacle-Frame Wires 253 
Founding of Nickel-containing Gunmetals 356 
Age-Hardening of Nickel-Tin Bronzes 356 
Polishing and Buffing 376 


Properties (See also Specifications) 


Thermal Conductivity 2, 170 
Elastic Modulus of Nickel-Copper Alloys 4 
Nickel-Chromium Evaporated Films: 

Physical Properties 11 
Nickel-Manganese Alloys: Magnetic Properties 11 
Spontaneous Magnetization in Nickel-Copper Alloys 12 
Rapid Heating: Effect on Properties 19 
Intergranular Cavitation in Stressed Copper-Nickel 

Alloys 12 
Compatibility with Graphite at Elevated 

Temperatures 20 
Behaviour in Wet Oxygenated Steam 21 
Corrosion by Hydrofluoric Acid 23 
Hardness: Conversion Tables 37 
Bursting Pressures of ‘Monel’ Safety Discs 69, 70 


























Non-Magnetic Copper-Nickel Alloy 79 
Magnetic Properties of (Cobalt)-Nickel-Chromium 

Alloys 80 
Alloys Resistant to Hydrochloric Acid, etc. 89, 237 
Magnetization of Nickel-Copper Alloys: 

Effect of Pressure 107 
Heat Capacity of Low-Chromium Nickel-Chromium 

Alloys 110 
Of Monel Roofing 111, 181 
Nickel-Cobalt-base Alloys: Damping Capacity 117, 227 

: Oxidation 180 

: Plasticity 215 

: Creep of Single Crystals 349 
Oxidation of Nickel Alloys: Literature Review 138 
Nickel-Aluminium-Bronze Propellers: 

Service Records 148 
Magnetostriction and Anisotropy of Single Crystals 149 
Spring Materials 170 
Wrought Cupro-Nickels: Data Sheet 177 
‘Monel’ Alloys and Nickel-Zirconium Alloys: 

Physical Properties 170 
Specific Heat at Low Temperatures: 

Copper-Nickel Alloys 178 
Alloys used in Marine Engineering in U.S.A. 178 
Electrical Resistance of Metal Films 178 

. Conductivity of Cast Copper Alloys 179 
Gold-Nickel Alloys: Ageing Reactions 179 
Wear- and Gall-Resistant Nickel-Copper-Silicon 

Alloys 180 
Nickel-Alloy Tubing 181 
Cavitation-Erosion Resistance of ‘Monel’ 231 
Modulus of Rigidity of ‘Monel’ and Copper-Nickel 

Alloy 246 
Thermoelectric Stability of Nickel-Copper Alloy at 

Elevated Temperature 267 
Mechanical Properties of ‘Monel’ 283 
Corrosion-Resistance of Condenser-Tube Alloys 299 
Magnesium Alloys containing Nickel: 

Resistance to Sea Water 308 
Corrosion in Sour-Water Stripping Units 308 
Nickel-containing Gunmetals 356 
Nickel-Tin-Bronze Sand Castings 356 
Specifications and Testing 

(See also Plating) 

Thermal Conductivity: Measurement 2, 209 
Specifications for Nickel Alloys 3, 43, 139, 269 
Rapid-Heating Tests 19, 293 
Hardness Testing: Conversion Tables 37 
Metallographic Examination 171 
Wear- and Galling-Resistant Nickel-Copper Alloys: 

Specification 180 
‘Monel’ Roofing: Data Sheet 181 
Nickel-Alloy Tubing: Specifications 181 
Leads of Electron Tubes: rr 246 
Tungsten-Nickel-Copper Alloy: _,, 254 
Welding of Non-Ferrous Alloys: ,, 326 


Non-Ferrous Bourdon Tubing: _,, 328 


Uses (See also Properties, and Specifications) 


For Uses in Atomic Power Plant, see HEAT- AND 
CORROSION-RESISTING MATERIALS: Uses 


Coinage 44, 79, 172, 355 
Rivets 48 
In Petroleum Equipment 59, 236 
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Bursting Discs 69, 70 
Non- Magnetic Alloy for Instrumentation 79 
Nickel-Magnesium Alloy for Treatment of Steel 82 
Chemical Plant (General) 95, 181, 236, 237, 299, 308 
Roofing 111, 181 
Marine Propellers 148, 178 
Springs 170 
Cupro-Nickels: Review of Uses 177 
In Marine Engineering: Review 178 
Wires for Spectacle Frames 253 
Thermocouples 267 
Condenser Tubes 299 
Soluble Plugs in Sea Water 308 


Welding, Brazing and Soldering 


Joining of ‘Zircaloy’ to itself and to Stainless Steel 
61, 199, 311, 338 


,, Dissimilar Metals 61, 203, 274, 338, 344 


Of Nickel-Aluminium-Bronze Propellers 148 
», Nickel Alloys: Recommended Procedure 95, 181 
», Cupro-Nickel Alloys 177 
» Nickel-Alloy Tubing 181 
;, Copper to Stainless Steel 203 

Fusion Welding of Non-Ferrous Alloys: 

Current Stage of Development 326 


NICKEL-IRON ALLOYS 


Analysis 
Of Permanent-Magnet Alloys 107, 231 
» Ferrites 182 


Composition, Constitution, Structure and Properties 
(excluding Magnetic Properties, q.v.) 


Thermal Conductivity Z 
Metallographic Examination 17 
Solubility of Nitrogen in 39 
Martensite Transformation 46, 47 
Oxidation Characteristics 111 
Spring Alloys 170, 284 
Directory of Nickel-Iron-base Alloys 182 
Brazing of Graphite to ‘Nilo K’ 284 


Welding to Dissimilar Materials 338, 344 


Magnetic Properties and Uses of Magnetic Alloys 


Non-Linear Magnetics and Magnetic Amplifiers: 
Conference 44 


Powders: Production, Properties, Uses: Symposium 65 
Permanent- Magnet Materials: Stability 80, 149 

Magnetic Properties/Temperature Relationships 
80, 81, 149, 284, 357 

Reversible Permeability: Influence of Mode of 
Demagnetisation 81 
Magnetization: Effect of Hydrostatic Pressure 107 
Core Materials 148, 357 
Anisotropy and Magnetostriction in Single Crystals 149 


Directory of Nickel-Iron Alloys 182 
Magnetic Alloys: A.I.E.E. Symposium 216 
: Review Data 284 
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Films in Digital Computers 

Tape produced by Powder Metallurgy 
Magnetic Properties: Handbook 
Magnetic Annealing 


CAST IRON 


General 


Grain-Size: Estimation and Significance 
Erosion and Corrosion in Wet Oxygenated Steam 
Chill Casting of Ni-Hard Rolls 
Absorptiometric Analysis of 
‘Ni-Resist’ 
Properties and Applications: Handbook 
Oxidation-Resistance 
Elevated-Temperature Properties 182, 
Cavitation-Erosion Resistance 
Resistance to Hydrochloric Acid 
Austenitic Cast Irons: Specifications 255, 
In Sour-Water Stripping Plant 
» Tall-Oil-processing Plant 
Growth-, Scaling- and Oxidation-Resistance 112, 
Purification by Oxidation 
Cast Irons for Die Blocks 
Growth and Scaling Tests 
Metallographic Examination of 
Elevated-Temperature Properties: Summary 182, 


Thermal and Elastic Properties of Irons used in 
Diesel Engines 


*Ni-Hard’ for Grinding Equipment 
Vibration during Solidification 
Welding 


218, 285, 


Spheroidal-Graphite Cast Iron 


Ductile ‘Ni-Resist’ : in Oxygenated Steam 
: Properties and Applications 
: Oxidation-Resistance 
Purification by Oxidation 
Irons for Die Blocks 
Growth and Scaling Tests 
Elevated-Temperature Properties 


Thermal and Elastic Properties of Irons used in 
Marine Diesel Engines 


Applications in Steelworks 
Vibration during Solidification 
Welding 


CONSTRUCTIONAL STEELS 


Analysis 
(See also NICKEL: Analysis and Determination) 


Determination of Cobalt 


‘ ;, Titanium, Zirconium, Niobium 
and Tantalum 


Composition, Constitution and Structure 
(See also Specifications) 


For Influence of Composition on Properties of Welds, 
see Welding 


Forms of Nickel available for Alloying in Steel 
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Steels Deoxidized and Desulphurized with 

Nickel-Magnesium 82 
Influence of Microstructure on Fatigue 112 
High-Speed-Tool Steels containing Nickel 113, 185 
Ultra-High-Strength Steels: Compositions, etc. 

See Properties 
Precipitation from Solid Solution: 

Educational Lectures 245 
Steels Vibrated during Solidification: Structure 254 
Rotor Forgings: 

Structure as affected by Composition 256 
Temper Embrittlement: See Properties 
Leaded Free-Machining Steels 328 
Control of Austenite Grain Size 361 
Plating 


Cadmium Plating: Effect on Properties, Improved 
Techniques, etc. 14, 142, 151, 222, 259, 273, 327 
(see also 182) 
A.S.T.M. Specifications for Electroplated Coatings 40 
Effect of Shot Peening prior to Chromium Plating 48 
Nickel Plating of High-Tensile Steel 107 
Plating of Ultra-High-Tensile Steels: General Notes 182 
Nickel- and Chromium-Plating: B.S. Specification 350 


Powder Production 


Production of Structural Parts from Powders: 
Symposium 169 


Production and Processing 
(See also Plating, Powder Production and Welding) 


Peening prior to Plating 48 
Nickel for Alloying in Steel: Forms available 48 
Bright Annealing 71 
Deoxidation and Desulphurization with Nickel- 
Magnesium 82 
Heat-Treatment of Nickel-containing Steels 113, 182, 183 
Investment Casting 170 
Treatment of Pressure-Vessel Steels 184 


Ultra-High-Tensile Steels: Processing 
182, 218, 219, 220, 360, 374 


Forging and Forgeability: Literature Survey 222 
: Effect of Small Reductions 
on Properties 360 
Deformation prior to Transformation 183 
Pickling and Acid Dipping 216 
Vibration during Solidification 254 
Rotor Forgings: Processing of 256 
Rolling: Effect of Composition on Spread 256 
Nickel-Chromium-Molybdenum Steel Castings: 
Processing 286 
Hot-Cold Working 327 
Machining of Lead-containing Steels 328 
Investment Casting 359 
Ingot Cracking, etc., in relation to Austenite 
Grain Size 361 


Properties and Uses 
(See also Specifications) 


For Uses in Atomic Power Plant see HEAT- AND 
CORROSION-RESISTING MATERIALS: Uses 


Plating of High-Strength Steels: Effect on Properties 14 
48, 108, 142, 151, 183, 222, 259, 327 




















Erosion and Corrosion in Oxygenated Steam 21 
Corrosion by Liquid Sodium 24 

- e Hydrofluoric Acid 25 
Chromium-plated Steel Shot-peened before Plating 48 
Steels used in Petroleum Equipment 58, 59, 196 
Bursting Discs 69 
Nickel-Copper-Phosphorus Steels: 

Resistance to Sea Water 82 
Ultra-High-Strength Steels: 

Fatigue 112, 286, 359 

*300-M’ Steel 182 

Classification and Evaluation 219 

For Aeronautical Applications: Symposium 220, 224 


Crack Propagation in 257, 259, 287 326 


Low-Temperature Properties 287 
Alloy-Stee! Castings 288, 359 
Rapid Heating: Effect on Properties 293 


Elevated-Temperature Properties 
of Cast and Wrought Types 359 
Effect of Hot-Cold Working 327 
Solidification Conditions and 
Structure; Effect on Properties 360 
9% Nickel Steel for Low-Temperature Service 112 
Nickel-containing High-Speed-Tool Steels 113, 185 
Compressive, Tensile, Bearing and Shear Properties 
at Elevated Temperatures 153, 294 
Underwater Corrosion in Tropical Regions 160 


Deformation prior to Transformation, to Improve 
Properties 


Pressure-Vessel Steels 184 
Steel for Welded Bridge Construction 185 
Forging : Literature Survey 222 
: Effect of Small Reductions on Properties 360 
Rotor Forgings: Properties 256 

Stress-Cycling: Influence on Mechanical Properties 
256, 258 
Temper Embrittlement: Microstructural Study 257 
: Influence of Niobium 258 
: Effect on Fatigue 258 
: Literature Review 359 

: Internal Friction and 

Brittleness 359 
Use in Vehicles 258 


Creep: Effect of Environment 
See HEAT- AND CORROSION-RESISTING 
MATERIALS: Properties 
Impact-Transition Temperature: 
Influence of Specimen Form 287 
Gear Steels for High-Speed Aircraft 


Materials for High-Temperature Service: 
Comparison 290 


Materials used in Steam Plant: 


Effect of Service Conditions 298, 372 
Corrosion of Constructional Steels: 

B.I.S.R.A. Report 302 
Corrosion by Fumes, Sea Spray and Moisture 303 
Brittle Fracture of Forging Steels: Effect of Cracks 326 
Machinability of Lead-containing Steels 328 
Stress-Corrosion Cracking in Oil-Production 

Equipment 341 
Effects of Radiation on Steels 374 


Specifications and Testing 
(See also GENERAL) 


Weldability Tests 15, 205, 328, 329, 361 


Hardness Testing: Conversion Tables 37 
Testing at Elevated Temperatures 
Proof-Stress: Specification 138 


Short-Time Tensile and Creep-Rupture 170, 330 
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High-Strength Steels: Test Methods 220 
Hot-Twist Test for Forgeability 222 


Crack-Propagation Tests 


257, 259, 287 
(see also Weldability Tests) 


Corrosion Testing: B.I.S.R.A. Report 302 
Stress-Corrosion Testing 341 
Investment Castings in Carbon and Low-Alloy 

Steels: Specification 359 
Grain-Size Determination: Tests 361 


(see also 1) 


Welding 


Cracking in High-Tensile Steel Welds 15, 182, 205, 
289, 328, 329, 361 


Inert-Gas Consumable-Electrode for 


Welding Thin Material 71 
Welding 9% Nickel Steel 113 
4 Carbon and Low-Alloy Steels to Dissimilar 
Materials 96, 113, 311, 312, 314, 344 
Welded Bridge Construction 185 
Low-Hydrogen Electrodes: Review 361 
HEAT- AND 


CORROSION-RESISTING MATERIALS 


Analysis and Identification 


Identification of Chromium-Manganese-Nickel and 


Chromium-Nickel Steels 99 
Determination of Aluminium in High-Temperature 
Alloys 124 
a ,, Cobalt in Stainless Steels 151 
Analysis of Nimonic Alloys 151 
Determination of Titanium, Zirconium, Niobium, 
Tantalum, in Stainless Steels 185 
Analysis of Corrosion Products on Copper Alloys 195 
Sigma Phase: Methods of Identification 224 
Identification of Phases: Electron Metallography 224 
Determination of Copper in Stainless Steels 231 
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Fluorescent X-Ray Analysis 276 


Clad, Faced and Lined Materials, including Sprayed 
Metals 
(See also Welding) 
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Bonding with Adhesives 19 
Stainless-Steel-Clad Steel in Sodium 24 
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Clad and Lined Digesters 96, 97 
Cladding of Siiver/Boron-Carbide Cermets 98 
Ceramic Coating of Nickel-Chromium Alloys 115 


Sandwich Panels 
Clad Coatings on Molybdenum 
158, 297, 336, 337, 365, 371 


124, 191, 193 


Cathodic Protection of Nickel-Lined Tanks 164 
Colmonoy ‘Sprayweld’jProcess 198 
Clad Steels in Butane-Isomerization Plant 237 
Nickel-Chromium-Boron Facing in Sugar Plant 310 
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Nickel-Titanium Alloys 13, 110, 185 
Precipitation Phenomena in Nickel-base Alloys _16, 49, 
151, 153, 185, 224, 233, 245, 
260, 290, 292, 333, 362, 363 
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6, 17, 170, 261, 263, 268, 367, 370 
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Structure 49, 85, 152, 186 
‘Nicrotung’ and ‘D.C.M.’ Cast Alloys: 
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Nature, Occurrence, Effects 83, 123, 224, 232, 303, 304 
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Nickel-Chromium-Cobalt-base Alloys: 
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Recrystallization 86 
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55 » Hydrogen ,, 194 
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Literature Review 138 
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‘Nimonic’ Alloys: Textbook 151 
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Chromium-Nickel Steels: Comparison 161, 193, 269 
Dispersion Hardening in Nickel-base Alloys 185, 366 
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Nickel-Aluminium-base Alloys 187, 228, 365 
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‘A.M. 350’ and ‘A.M. 355’ Steels 188 
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Classification, etc. 219 
Investment-Cast High-Nickel Alloys: 
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Cast Nickel-Chromium Alloys: 

Molybdenum Additions 225 
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Precipitation from Solid Solution: Symposium 245 
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Stainless Steels 260 
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Experimental Compositions 263 
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Uranium or Thorium in Stainless Steel 268 
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Nickel-Chromium Alloys: 
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Corrosion of Stainless Steels: Influence of Structure 
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Controlled-Transformation Stainless Steels: 
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‘Inconel X’ and ‘Incoloy 901’: Phase Changes in 335 
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Cobalt-base Alloys: Review 363 
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Symposium on High-Temperature Materials 362 ef seq 
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Thermodynamic Heating 54 
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Evaluation of Types 266 
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Slip Casting of Stainless Steels 342 
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Wettability and Microstructural Study of 


Liquid-Phase Sintering 364 
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Production and Processing 


High-Temperature Ageing of ‘Inconel X’ 16 
Vacuum- Melting and -Casting 17, 82, 115, 138, 187, 
335, 362, 363, 366, 367 


Nickel:Forms for Alloying 48 
Machining of Stainless-Steel Rotor Blades 48 
Fabrication of Sheet in ‘Nimonic’ Alloys and 
Stainless Steel 52 
Processing ‘Nicrotung’ and ‘D.C.M.’ 52 
Processing of Cast Alloys ‘Nicrotung’ and‘D.C.M. 53 
Bright-Annealing Stainless Steel 71 
High-Temperature Deformation of Austenitic Steel: 
Equicohesive Temperature 86 
Softening Treatments for Stainless Steel 104 
Processing Monel Roofing 111, 181 
Heat-Treatment of ‘D.979’ and ‘A.F. 71’ Alloys 115 
” “ » ‘Nimonic’ Alloys 116, 151, 229 
Centrispinning High-Temperature Materials 117 
Nitrogen Solubility as Production Factor for 
Stainless Steel 118 


Machining of ‘Nimonic’ Alloys 


151, 374 

Heat-Treatment of ‘Unitemp 212’ Precipitation- 
Hardening Steel 155 
‘Inconel X’: Processing for Aircraft Use 159 


Nickel-Molybdenum Alloys: Heat-Treatment 159, 233 
Cleaning, Pickling and Passivation of Stainless Steels 
162, 197, 216, 310, 342 
Extrusion of Stainless Steel 165 
Investment Casting of Steels and Alloys 
170, 186, 223, 263, 366 
Fabrication of High-Nickel Alloys: 
Recommended Practice 181 
» Cast Nickel-Chromium-Iron Alloys 187 
Heat- Treatment and Mechanical Working of 


‘A.M. 350° and ‘A.M. 355° 188 
Fabrication of Bolts in ‘A-286° 189 
Precipitation-Hardening Cast Steels 225 
Post-Fabrication Heat-Treatment of Sheet and 

Tube Materials 229 
Rolling: Influence of Composition on Spread 256 


Hot-Working of Nickel and ‘A-286’: Effecton Creep 264 
Strengthening Treatments for Nickel- and Cobalt-base 
Alloys: Solid solution, carbide and precipitation 


hardening 290 
Pre-Straining: Effect on Fatigue 292 
Cold Working: Effect on Structure and Properties of 

Nickel-Chromium Alloys 295 
Sensitization Treatments for Stainless Steels: 

TTT Curves 304 
Controlled-Transformation Treatments for Stainless 

Steel 331 


Processing Molybdenum and its Alloys 337, 366 


Deep Drawing of Stainless Steels: Frictional Effects 


341 
Thin Foils: Processing for Examination 343 
Single Crystals of Stainless Steel: Production of 343 
Nickel-base Alloys: Improved Techniques 362 
Chromium and Chromium-base Alloys: 

Improved Techniques 365 
Surface Treatment: Effect on Spectral Emittance 369 
Press Forging : ‘Inconel 713C’ Dies 372 

: Plated Dies 373 
: Press-Forged Castings 373 
Polishing and Buffing Procedures 376 


Page 
Properties 


A. Corrosion- and Oxidation-Resistance 


Effect of Environment on Creep-Rupture and other 
Properties 18, 88, 106, 230, 265, 295, 302, 368 
Compatibility with Graphite at Elevated Temperatures 20 
Erosion and Corrosion in Steam 21. 298 
Cast Iron: en and Oxidation-Resistance 21, 
112, 150, 231, 237, 255, 284, 308, 309 


Intergranular Corrosion in Austenitic Steels 
(See also Stress-Corrosion, below) 


Not associated with Carbide Precipitation 22 

In Petroleum Refineries 91 

Effect of Stabilizing Additions 119 

ss 53 Sigma Phase 232 

Of Nickel-Molybdenum Alloys on Welding 233 

Effect of Prolonged High-Temperature = a 

“ ,, Precipitation Reactions 270, 271 

Apparatus for Testing Susceptibility ZZ 

Of Weldments in Types 304 and 304L Steels 273 

» 316and 316L 274 

Time; /Temperature/ Sensitization Curves 304 
Inter-relation of Intergranular Cracking and 

Stress-Corrosion Cracking 374 

Stress Corrosion of Austenitic Steels 

In Lithium Hydroxide 23, 306 

,, Chlorides 56, 305, 374, 375 

Of Autoclave Components 57 

In Dilute Caustic Solutions 92, 298, 299 

,, Hydrochloric-Acid Cleaning Solutions 162 

Effect of Notches 340 

In Oil-Production Equipment 341 

Factors affecting Cracking 374 

Cathodic Protection by Applied E.M.F. 23, 164 

Corrosion by Liquid Sodium 24, 271 

Ss ,, Hydrofluoric Acid, and Fluorine 25,236 


Hydrochloric Acid, Hydrogen Chloride 

and Chlorine 50, 56, 89, 162, 271, 305 
Scaling of Nickel-Chromium Alloys 51, 369 
Corrosion by Hydrogen Sulphide and Other Corrodents 
in Petroleum-Refining and Allied 


” ” 


Industries 57, 59, 91, 164, 196, 198, 
235, 237, 309, 341 
a ,, Oil Ash (in Gas Turbines) 88, 195, 227, 


339, 340 
ss Molten Lead: Inhibition by Nickel and 
Zirconium Additions 


Passivity in Metals: Colloquium 89 
Pitting Corrosion in Stainless Steels 90, 234, 271, 272, 309 
Underground Corrosion: Review 9] 
Corrosion by Nitric Acid 
Titanium-Stabilized Steels 92 
High-Alloy Steels with and without Stabilizers 120 
Attack by Nitric Acid in Presence of Chlorides 121 
Huey Test: Critical Discussion 2 
Corrosion by Acid-contaminated Cooling Water 93 
re , Detergents 94 
Corrosion- and Oxidation-Resistance of Stainless 
Steels: Review 118 
Oxidation of Metals: Literature Review 138 
fa -Resistance of ‘Nimonic’ Alloys 151 
Corrosion by Boron Oxide 156 
Oxidation Characteristics of Austenitic Steels 157 
er of Molybdenum — its Alloys: Protective 
Measures 215, 297, 336, 337, 365, 


366, 368, 369. 371 
Nickel-Molybdenum-Iron Alloys: 
Corrosion as affected by Heat-Treatment 159 


387 








Page 
Underwater Corrosion in Tropical Regions 160 
Comparative Corrosion-Resistance of Chromium-Nickel 


and Chromium-Manganese-Nickel Steels 161, 269 
Corrosion by Nitric/Hydrofluoric Acid Solutions 163 
~ », Acids: Evaluation by Three Tests 163 
a » Hot Gaseous Environments 187 
, Sea Water 188 
Oxidation-Resistance of Typical High-Temperature 
Alloys 190 
Corrosion by Hydrogen Peroxide 197 
5 of Automobile Components (see also 
ELECTRODEPOSITION) 197 
Corrosion-Resistance of Precipitation-Hardening 
Cast Steels 223 
Internal Oxidation in Nickel-Chromium Alloys 227 


Oxidation-Resistance of Cobalt- and Nickel-base 
Alloys, etc. 


22 
(see also 362 et seq.) 
Corrosion under Heat-Flux Conditions 230 
Cavitation-Erosion Attack 231 


Oxidation of Stainless Steels in Aqueous Media: 
Kinetics of 


Corrosion in Uranium-Refining Plant 236 
= by Gas Lubricants 266 
5 in Steam Plant 298, 299 
Wear-Resistance in Liquid Nitrogen 302 
Resistance to Atmospheric and to Chemical 
Corrosion: Reviews 303 
Corrosion of Stainless Steel: Effect of Structure 303 
= by Phosphoric Acid 307 
Nickel-containing Aluminium Alloys in Hot Water 
307, 375 


Nickel- or Iron-containing Magnesium Alloys in 
Seawater 


Corrosion in Sour-Water Stripping Plant 309 
Corrosion-Resistance in Chemical Plant: 

Titanium, Zirconium, Nickel-base Alloys 309 
Properties required in Materials for Reactors 339 
Stress-Corrosion Cracking in Copper Alloys 341 
Corrosion-Resistance of Passivated Surfaces 342 


Symposium on Properties of High-Temperature 
Materials 362 et seq. 


(including items relating to Oxidation, e.g. Oxidation 
of Molybdenum, Oxide Growth on Nickel- 
Chromium Alloys, etc.) 


B. Mechanical and Physical Properties 


Thermal Conductivity 2, 209 
Of ‘Nichrome’ Films 11 
Of Alloys containing Boron and/or Zirconium 16, 17 
170, 261, 263, 268, 367, 370 
17, 82, 115, 138, 187, 
335,962; - 366, 367 
Creep-Rupture and Other Properties; Effect 
Environment 18, 106, 230, 265, O95, 302, 368 
Of High-Chromium Steels: Summary 18 


Of Vacuum-Melted Alloys 


Rapid Heating: Effect on Properties 19, 293 
Thermal Fatigue and Related Properties 51, 230, 
257, 262, 297 
Of Cast Alloys ‘Nicrotung’ and ‘D.C.M.’ 53 
Nickel-plated Structures for Resistance to 
Thermodynamic Heating 54 
Of ‘D-319° Nickel-Chromium-Molybdenum Steel 5D 
. Austenitic Steels containing Lithium 56 
Safety Discs: Bursting Pressures 69, 70 


Magnetic Properties of (Cobalt)-Nickel-Chromium 
Alloys 
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Page 
Creep-Resistance of Austenitic Steels: 
Comprehensive Study 83 
Fatigue, Creep, etc., of Nickel-base Alloys: 
Russian Research 84 


Creep Properties of Nickel-Molybdenum-Chromium- 
Iron Alloys 85, 152 


Electrical-Resistance Materials: Properties and Design 


Data 
ms - Increase of Life in 
Nitrogen 88 
Elastic Modulus of Austenitic Steel 89 
Physical and Mechanical Properties of Stainless Steels 104 
Heat Capacity of Nickel-Chromium Alloys 110 


Cast Irons: High-Temperature —— 112, 150, 
2.217, 231, 255; 284 


Creep-Rupture Strength of pee Steel Sheet 


and Bar 114 
Ceramic Coatings: Effect on Creep 115 
Of ‘D-979° and ‘AF 71’ Alloys 115 
Combined Static and Dynamic Stress: 

Effect on Properties 115 


‘Nimonic’ Alloys: 
Typical Properties 
Effect of Irradiation on Steels and Alloys 
116, 302, 339, 374 
High-Damping-Capacity Cobalt-Nickel-base 


116, 151, 229 


Alloys 117,227 
Of Centrispun Parts 117 
Stainless Steels: Review 118 
Nitrogen Porosity of Stainless Steels 119 


Tensile, Compressive, Bearing and Shear 
Properties of Aircraft Materials 153, 294 
Of ‘Unitemp 212’ Precipitation-Hardenable Steel 155 
» Nickel-Molybdenum-Iron Alloys: 
Effect of Heat-Treatment 159 
» Spring Materials 170 
(see also 116) 


Investment-Cast Materials 170, 186, 223, 263, 366 


Physical Properties relevant to Heat Transfer 170 
Of Nickel-Alloy Tube and Pipe 18] 


» ‘Hastelloy N’ 186 
» Nickel-Aluminium-base Alloys: 
See Powder Production 
,, Cast Heat-Resisting Alloys of A.C.I.°H’ Series 187 
» ‘A.M. 350° and ‘A.M. 355’ Hardenable Steels 188 
., ‘P.H. 15-7 Mo’ Steel 188, 294 
» Bolts in ‘A-286 189 
Creep and Stress-Rupture: . 
Extrapolation of Data 
Ductility of ‘Inconel’ Alloys: 
Effect of Welding Cycle 190 
(see also 296) 
Of Chromium-Nickel and Chromium-Manganese- 
Nickel Steels: Comparison 193, 194, 269 
Of Sandwich Panels and Honeycomb Structures 
See Clad, Faced and Lined Materials 
Creep of Nickel: See NICKEL: Properties 
Low-Temperature Properties of Austenitic 
Steels 195, 196, 287, 301 
Ultra-High-Strength Stainless Steels: Classification 219 
(see also entries relating to individual hardenable 
steels) 
Precipitation- Hardenable Cast Steels: 


189, 261 


*P.H. 55° series 223 
Of Materials for Rockets and Missiles 224 
, ‘M-252’ Blading Alloy 225 
,, Cast Nickel-Chromium Alloys: 
Effect of Molybdenum 225 
Post-Fabrication Treatment for Improvement 
of Properties 229 


Emissivity Characteristics of Metals and Alloys 231, 369 

















Specific Heat of Stainless Steel 231 
Crack Propagation in High-Strength Stainless 

Steels 257, 265 
Creep of ‘A-286’ : Effect of Hot Working 264 
Effect of Notches on Creep Strength 265 


Thermocouple Materials: Thermoelectric Stability 267 


Of Materials for High-Temperature Service: 
Critical Comparison 290, 331 


+, Nickel- and Cobalt-base Alloys Strengthened by 


Various Means 290 
High-Temperature Fatigue: 
Influence of Pre-Stressing 292 
Of Nickel-Chromium Alloys: 
Influence of Cold Working 295 
» ‘Hastelloy B’: Influence of Thermal Cycle 
involved in Welding 296 
(see also 190) 
», Steels used in Steam Plant 298 
Spectral Reflectivity and Solar Absorptivity 299 
Magnetic Properties as Criteria of Low-Temperature 
Stability 2 
Wear-Resistance in Nitrogen Atmosphere 302 
Of Controlled-Transformation Stainless Steels: 
Review 331 
Nickel and Nickel-Chromium Dispersion-Hardened 
with Al,O, 332, 333 
Thermal Stability of Precipitation- and Dispersion- 
Hardened Materials 333 
Hot Hardness of Nickel-Chromium Alloys 334 
Fatigue, Creep, etc., S. “Udimet 500°, ‘Hastelloy 
R-235’ and ‘GMR-23 334 
Creep-Resistance of cid Copper Alloys 334 


Elastic Limit of Cobalt-Nickel-Chromium-base 
Alloys 


Internal Friction in Nickel-Chromium-base Alloys 336 
Austenitic Steels for Reactors: Review 339 
Symposium on High-Temperature Materials 362 et seq. 


Cobalt- and Nickel-base Alloys: Review 362 
Nickel-Chromium-Cobalt-Iron-base Alloys: 

Effect of Addition Elements 362 
‘Guy Alloy’ for Turbine Blading 362 
‘W-545’ Disc Alloy 363 
Cobalt-base Alloys : Review 363 

,, Casting Alloy for Turbine Blading 
(‘ML 1700’) 363 
Properties in Relation to Secondary Eee 363 
Chromium-base Alloys 365, 368 
Molybdenum and Molybdenum Alloys: 365, 366, 
368, 369 
Tungsten, Tantalum, Niobium, Rhenium 366, 369 
Dispersion-Hardened Materials 366 
Vacuum-Melted and Investment-Cast Materials 
366, 367 
Effect of Environment: Summaries 368 
Fatigue of Typical High-Temperature Alloys 370 


Properties in Relation to Directional Grain Structure 370 
Creep of Austenitic Steels containing Molybdenum = 371 


Superheater Tubing after Long Service 372 
Specifications 
For Nickel Alloys: U.S. 3, 43 
: British 139, 269 
Stainless Steels: U.S. 55 
High-Alloy Cast Materials: U.S. Classifications 55 
D-319’: Chromium-Nickel-Molybdenum Stee 55 
Chromium-Nickel-Steel Castings for Nuclear 
Applications: U.S. 57 
Stainless-Steel Tubing: Internal-Pressure Limits 95 
Stainless Steels: B.S., D.T.D. and A.I.S.I. 104 


Page 
‘Nimonic’ Alloys 151 
Proof-Stress : Determination at Elevated 
Temperature: B.S. 138 
Spring Materials: British 170 
Short-Time High-Temperature Tensile and Creep 
Testing: A.S.T.M. 170 
Metallographic Examination: A.S.T.M. 171 
Nickel-Alloy Tube and Pipe: U.S. 181 
Bolts and Screws of Age-Hardenable Stainless Steel: 
S.A.E./A.M.S. 189 


Chromium-Manganese-Nickel Steel Bar: A.S.T.M. 194 
Non-Magnetic Components in Ships: U.S. Proposals 194 


Steels for Use with Concentrated Hydrogen 
Peroxide: British Defence Specification 197 


Filler Wire for Welding Dissimilar Materials: 


S.A.E./A.M.S 203, 204 
—. Cast Irons: A.S.T.M. and 

S.A.E S. 255, 284 
Nickel- ae (Iron) Electrical-Resistance Alloys: 

A.S.T.M. and British 269 
High-Expansion Nickel-Manganese Steel: 

S.A.E./A.M.S. 288 
Vacuum-Melted Austenitic Steel: S.A.E./A.M.S. 290 
Precipitation-Hardening Stainless Steel: 

S.A.E./A.M 290 
Vacuum-Melted Nickel-base Alloy: S.A.E./A.M.S. 290 
Tubing for High-Temperature Fluid Transport: 

S.A.E./A.M.S. 297 


Materials for Reactors, 
including Welding Procedure: U.S.A.E.C. Report 302 
Stress-Rupture : Determination at Elevated 


Temperature : B.S 330 
Materials for Bourdon Tubing: B.S. 330 
Testing 

(See also Analysis, Specifications, and GENERAL) 
Thermal-Conductivity Tests 2, 209 
Rapid-Heating Test Methods 19, 293 


Effect of Environment in Testing 18, 106, 230, 265, 
295, 302, 368 
Creep Testing: Structural Changes resulting from 49, 
RES, 335 

Pitting-Corrosion Tests 90, 234, 271, 309 


Corrosion Testing: Accelerated and Atmospheric 


Methods 92, 122; 165,232, 233, 272, 302 
Testing under Combined Static and Dynamic 

Stresses LES 
Proof-Stress Testing at Elevated Temperature 138 
Testing of ‘Nimonic’ Alloys 151 
Oxidation Test Methods 158, 190 
Short-Time Tension and Creep-Test Methods 170, 330 
Metallographic Examination 171 
Extrapolation of Creep and Siress-Rupture Data 189, 261 
Ductility Testing of Welds 190 


Oil-Ash Corrosion Tests: 
Synthetic Media used, etc. 195, 227, 339, 340 
Identification of Corrosion Products on 


Copper Alloys 195 
Welding Tests 205, 328, 377 
Electron Metallography: Symposium 224 
Thermal-Shock Tests 230 
Corrosion under Heat-Flux Conditions: 

Apparatus and Technique 230 
Specific Heat: Test Procedures 231 
Cavitation-Erosion Testing 231 
Cracking Tests, including Low-Blow Impact 257, 259, 

287, 297 
Aircraft Gas-Turbine Operation: 
Simulated Tests 262 
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Page 
Gas-Lubrication Testing 266 


Corrosion in Flowing Sodium: Test Procedure 271 
‘Vidigage’ Thickness Tester 272 
Fatigue Testing: Prot Test 292 
Creep-Testing of Steam-Plant Materials 298 


Stress-Corrosion Test Apparatus 305, 306, 341, 375 
High-Temperature-Water Testing for Reactor Service 307 
Passivation Tests for Stainless Steels 342 


Electron Microscopy of Thin Foils 343 
Determination of Magnetic Phases in Steels 343 
Elevated-Temperature Tests for Cermets 363 
Uses 


Uses grouped in this sub-section are individually 
referred to in the Properties and Specifications sub- 
sections, in relation to the properties which render the 
materials suitable for the respective applications. 


Aircraft (including Structural Uses, also Rockets and 
Missiles) 19, 48, 51, 54, 124, 144, 153, 
159, 188, 190, 191, 193, 197, 200, 209, 
219, 220, 221, 224, 231, 266, 286, 287, 
288, 289, 290, 293, 294, 299, 301. 324, 
362 et seq., 369, 371, 377 

Architecture 94, 111, 181, 303 

Atomic Power Plant 20, 21, 23, 24, 25, 39, 57, 61, 85, 98, 
107, 116, 121, 122, 138, 152, 163, 170, 
186, 190, 199, 204, 209, 226, 229, 236, 
248, 268, 271, 295, 296, 302. 305, 306, 
307, 308, 311, 322, 339, 374, 375, 376 


Bolts 189 
Bourdon Tubing 330 
Brazing Alloys 62, 199, 275 
Bursting Discs 69. 70 
Centrispun Parts 117 
Chemical Plant (General) 69, 95, 96, 112, 164, 181, 303, 
307, 309 
Corn-Milling Plant 165 
Dies 392,395 
Diesel-Engine Components 217 
Domestic Hardware 94 
Electrical-Resistance Materials 87. 88, 269 
Electronic Equipment 11, 161, 215, 246, 321 
Gas Turbines 
Aircraft 17, 52, 151, 200, 201, 225, 229, 262, 263, 266, 


269, 290, 291, 293, 294, 297, 362 ef seq. 


Industrial 20, 52, 53, 88, 89, 151, 195, 227, 269 
339, 340, 362 er seq. 

HF Alkylation Units 236 
Non-Magnetic Applications 194 


Petroleum and Related Industries 57, 58, 59, 91, 95, 
164, 196, 198, 236, 237, 288, 300, 309, 341 


Plugs (soluble) in Sea Water 308 
Pulp, Paper and Cellulose-processing Plant 96, 97, 

272, 308 
Railway Engineering 165 
Sandwich Structures: see Clad, Faced and Lined Materials 
Springs 116, 170 


Steam Plant, including Turbines and Heat Exchangers 60, 
93, 96, 117, 227, 270, 298, 299, 305, 311, 
312, 314, 371, 372 


Sugar Plant 310 
Surgical Apparatus 198 
Thermocouples 267 
Vehicles 258 
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Welding, Brazing and Soldering, also Cutting 
(See also Clad, Faced and Lined Materials) 
Bonding with Heat-Resisting Adhesives 19 
Bs of Cermets to Metals 38, 69, 98 


Welding and Brazing ‘Nimonic’ Alloys and 
Stainless Steel: Current Practice 52, 98, 104, 151, 


237, 376 
Nitrogen as Weld-backing Gas 60 
Welded Tube Joints in Heat Exchangers 60 


Welding to Dissimilar Metals 61, 96, 113, 203, 274, 
311, 312, 314, 338, 344 
Joining of ‘Zircaloy’ 61, 199, 311, 338 
Nickel-Chromium-Boron and Gold-Nickel 
Brazing Alloys 62 
—" Consumable-Electrode Welding of Stainless 
tee 
Welding of High-Nickel Alloys for Chemical Plant 95 
Clad Steel and Liners 96 
Austenitic Steels: 
Recommended Practice 
ee ‘Inconel’ Alloys 
Sigma Phase in Weld Metal 123, 203, 232 
Brazing Stainless-Steel Sandwich Panels 124, 191, 193 
Welding Nickel-Alloy Pipe and Tube 181 
Precipitation-Hardening Steels 188, 237, 377 
Effect of Welding Cycle on Ductility of 


98, 104 
98, 190 


Parent Metal 190, 296 
Brazing Materials: Recent Gevelopments: 

Palladium Alloys 199 
Hydrogen Brazing 200 
Wetting Reactions in Brazing 201 
Joining Copper to Stainless Steel 203, 274 
Welding Niobium-stabilized Steel 203 

‘Incone!’ for Nuclear Power Plant 204 
Carbon Dioxide vs. Argon as Protective Gas 204 
Hot-Cracking of Welds: Cast-Pin Tear Test 205 
Nickel-Molybdenum-base Alloys: 

Prevention of Corrosion of Welded Material 233 
Corrosion-Resistance of Welds 

Influence of Carbon Content 273 

Of Welds in Molybdenum-containing Stainless 

Steel 274 
Nickel-Phosphorus (Electroless) Alloy for Brazing 

Stainless Steel 275 
Welding of ‘Hastelloy’ Alloys 296 
Welds in Nickel-Chromium-base Alloy: Properties 296 
Welding of Materials for Nuclear Reactors 302 
Molybdenum and Molybdenum Alloys: 

Brazing and Welding 338. 365 
Ultrasonic Welding 338 
Welded Austenitic Steels in Steam Plant 371 
Welding of “Hastelloy’ and ‘INOR’ Alloys 376 
Tungsten Arc Cutting of Stainless Steel 215 


PATENTS 26, 125, 238, 315 


ANALYSIS 
See entries in Analysis sub-sections 
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Corrigenda to items in Volume 32 


Page 8 Right-hand column, line 6. 


94 


For ‘Metall, 1957, vol. 11, pp. 166-7 ° 
Read ‘Metalloberflache, 1957, vol. 11, 
pp. 366-7. 


Left-hand column, line 13. 
For ‘Metal Treatment, 1958’ 
Read ‘Metal Treatment, 1959” 


Left-hand column, second item. 
For Schweizer Archiv, 1958, vol. 24, Nov., 
pp. 335-70. 
Read pp. 355-70. 


Left-hand column, first item. 
After ‘p>. K. WORN’ add ‘and R. P. PERKS’ 


Page 230 


» 245 


Right-hand column: title of last item. 
For ‘Hot-Flux’ 
Read * Heat-Flux’ 


Left-hand column, line 1. 
For ‘GRITZLEN’ 
Read ‘FRITZLEN’ 


Left-hand column, line 2. 
Delete ‘to’ 


Left-hand column: second item, first para- 
graph. 
For ‘Nickel Bulletin, 1959, vol. 32, No. 5, 


p. 133 
Read ‘Nickel Bulletin, 1959, vol. 32, No. 5, 
p. 153’ 


39) 
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16-25-6 Steel 

See Timken 
17-4 P.H. Steel | See 
17-7 P.H. Steel { Armco 
17-14 Cu-Mo Steel, 192. 
17-22A(S) Steel 

See Timken 
19-9 DL Steel. 192, 363. 
40N Cermet, 69. 
300-M Steel, 183. 
1040 Alloy, 149. 
1079 Alloy, 153. 
4750 Alloy, 149, 358. 


A-286 Steel, 116, 189, 
192, 193, 200, 264, 
294, 367. 

AF-71 Alloy, 115, 241. 

Alfenol Alloys, 357. 

Alnico Alloys, 67. 217. 
Alnico I, If. Tf and 

IV, 2 


> 284. 
Alnico V, VI and VII, 
149, 284. 
Alnico XII, 284. 
Alnicro, 20. 
Aloyco 20 Steel, 60, 309. 
Alphasil, 149. 
Alumel, 156, 267. 
AM-350 Steel, 188, 193, 
231, 237, 287, 293. 
299. 331), 338. 
<= -355 Steel, 188, 193, 


Ampco 8, 309. 
Ampco 18, 309. 
Andyar Batteries, 247. 
Nickel 
See Nickel 
Armco 17-4 P.H.. 
373,397. 
Armeo 17- 17- . P.H., 
1 


P. 15-7 Mo, 
88, 193, 294, 331. 
Armex GT Electrode, 


ATV Steel, 86. 
— Transformer A, 


_ 
oo 


Brightray Alloys 
B.A.C. Brightray, 88. 
Brightray B, 87, 269. 
Brightray C, 87, 269. 
Brightray F, 87. 
Brightray H, 87. 
Brightray S, 87, 269. 

BTH Leaded Bronze, 24. 


C-242 Alloy 
See Nimocast 
CA Ailoy, 246. 
a 20 Steel, 60 
CF-520 Chromium-Plat- 
ing Solution, 324. 
Chem-milling Process, 


Chlorimet 2, 55, 309. 
Chiorimet 3, 55, 236, 
30 


9. 
Chromel, 147, 156, 267. 
Chro-Mow Steel, 293. 
CMI1 Cermet, 69. 
— Metal 50, 192, 


36. 
Coast Meta! 53, 608, 706 
and 728, 192. 
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TRADE-NAMES, MATERIALS AND PROCESSES 
Referred to in Nickel Bulletin, Volume 32, 1959 


Colmonoy Alloys 
Colmonoy, 59. 
Colmonoy 4, 198. 
Colmonoy 5, 158, 198. 
Colmonoy 6, 28, 31, 

68, 158, 198. 
Colmonoy 70, 198. 
Colmonoy C, 336. 

Complexone, 6. 

Composite Electrochem- 
ical — (CEM), 

Copnic, 267. 

Corrodkote Accelerated- 
Corrosion Test, 10, 43, 
145, 147, 252, 324. 

Corronel B, 60, 89. 

CR-110 Chromium-Plat- 
ing Solution, _ 

Croloy Steels, 25 


D-319 Steel, 55. 

D-979 Alloy, 115, 241. 

DCM Alloy, 53. 

De}tamax, 45, 81, 149, 
284. 

Duomelt Process, 155. 

Duovac Process, 155. 

Duranickel, 181, 237. 

Durichlor, 236, 309. 

Durimet 20 Steel, 60, 
236 


Duriron. 236, 309. 
Dynamax. 149. 


Efco - Udylite 
Barre}-Plating 
tion, 8. 

Efco-Udylite No. 31 
Plating Solution, 140. 

Elinvar. 217. 

EME Steel, 21. 


4 BIH 
Solu- 
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L Nickel, 267. 
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Nilo-K, 284. 
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Nimocast 90. 223. 
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Ni- Resist. 112. 308, 309. 
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S-590 Alloy, 370. 

S-816 Alloy, 51, 223, 
225, 262, 292; 297, 
338, 362, 363, 370. 

SCA-100 Cermet 

Silectron, 149. 

S Inconel 
See Inconel 

S Monel 
See Monel 

S Nickel 
See Nickel 

Sprayweld Process, 198. 

Stainless W Steel, 331. 

Stellite Alloys 
See Haynes Stellite 


Stupalith, 179. 

Super Gleamax Bright- 
Nickel - Plating Solu- 
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Supermendur, 149, 357. 
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TC Ferry 
See Ferry 
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Thermold J Steel, 14, 
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Vascoiet 1000 Steel, 222. 
Vitallium, 370. 

Vycor, 11, 179. 


W-545 Alloy, 335, 363. 
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Plating Solution, 9. 
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